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Abstract 
In the past decades, cyclopentadienyl (Cp) ligands play a dominating role in 
inorganic and organometallic chemistry. Metal complexes supported by Cp ligands 
have been widely used in organic and polymer syntheses. Recently, considerable 
research efforts have been devoted to the development of various ligands as 
cyclopentadienyl alternatives. Among various alternatives for cyclopentadienyl 
ligands, amido ligands of the type [NRR']" have attracted much attention. The 
steric and electronic properties of an amido ligand and, hence, the reactivities of the 
corresponding metal complexes, may be modified by virtue of different R and R' 
substituents. Our research work focuses on the studies of amido ligands containing 
2-pyridyl amido pendants. Group 13 metal amides derived from the chelating 
2-pyridyl amido ligand [N(SiBu'Me2)(2—C5H3N—6—Me)]— as well as the new 
sterically hindered amido ligand [Me2Si{NH(2-C5H4N)} {N(2-C5H4N)}]- [L"]— and 
its alkali-metal and Fe(II) derivatives have been synthesized and characterized. 
Chapter 1 gives a general introduction on the chemistry of metal amides. 
Chapter 2 deals with the syntheses and structures of Group 13 metal amides 
derived from the 2-pyridyl amido ligand [L ]^". The monochloro Al(III) and Ga(III) 
complexes [MC1(L^)2] [M = A1 (3)，Ga (4)] and the In(III) triamide [In(L )^3] (5) were 
readily prepared by the reaction of the lithium amide [Li(L')(TMEDA)] (TMEDA = 
Me2NCH2CH2NMe2) (2) with the appropriate metal(III) chloride. Subsequent 
reaction of 3 with the lithium anilide L i N H ( A r她（A r她：二 C6H3Me2-2,6) and the 
lithium phenoxide L i O A r . 2 ( A i . ? = QHsBuV"〗，*) gave the corresponding Al(III) 
complexes [Al(Li)2(NHAr她•] (6) and [Al(Li)2(OAr_0] (7), respectively. 
Chapter 3 describes the preparations of the bulky pyridine amido ligand 
i 
[Me2Si{NH(2—C5H4N)}{N(2—C5H4N)}]- [L^ ]" and its alkali metal derivatives 
[Na(L2)(OEt2)]2 (10), [Na(L2)]4 (11), and [LiNa(L^)2(TMEDA)] (12). Treatment of 
anhydrous FeCl� with 0.25 molar equivalents of 11 led to the dimeric Fe(II) amido 







化學進行了研究。在眾多的替代配體中， [ N R R ' r類型的胺基配體是一研究熱�
點°其空間位阻效應’電子之密度’以及由其衍生出來的金屬配合物的反應性’ 
可以通過對配體取代基R和R '的修飾而進行調節。我們的研究興趣集中在2 -
吼 a 定基胺基這類配體上 0在這研究項目中，我們成功地合成出由螯合配體�
[N(SiBufMe2)(2-C5H3N-6-Me)]-[L1]-配位的第十三族的金屬配合物，和空間位�
阻更大的螯合配體[Me2Si{NH(2-C5H4N)}{N(2-CsHUN)}]- [L2]—及其驗金屬和�
過渡金屬F e ( I I )的配合物。我們對這些金屬配合物進行了結構表徵。�
第一章概括地介紹了胺基金屬配合物的化學的研究背景° 
第二章涉及的内容環繞由 2 -吼 a定基胺基配體 [ L i ] -衍生出的第十三族�
金屬配合物的合成及結構研究。通過胺基鍾 [ L i ( L i ) ( T M E D A ) ] (TMEDA�二�
Me2NCH2CH2NMe2) (2)與相應的三價金屬氯化物的反應，我們得到了銘和鎵的�
單氯雙取代[MC1(l1)2] [M�二 A1 (3)，Ga (4)]，以及姻的三取代 [ InCL� ] (5)金屬�
胺化物。進一步的把配合物3與其它配體，如笨胺基鋰：L i N H ( A r "巧 {Ax^" '= 
C6H3Me2-2,6)和笨氧化鍾LiOAr.: (At化二 C6H3BiiV2,4)，混合進行反應’可�
以得到異配體取代的銘配合物[Al(Li)2(NHAr""�)] (6)和[Al(Li)2(OAr_0] ( 7 ) � 
第 三 章� 描 述 的 是 大 體 積 的 吼 咬 胺 基 配 體�
[Me2Si{NH(2-C5H4N)} {NP-CsHaN)}]— [L?]—，及其驗金屬衍生物[Na(L2X0Et2)]2 
(10)，[Na(L')]4 (11)和[LiNa(L2)2(TMEDA)] (12)的合成工作。其中，氯化亞�
鐵與0.25當量的11反應，可以合成出二聚的胺基氯化亞鐡配合物 [FeCl(L 2 ) ] 2  
( 1 4 ” 
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CHAPTER 1. 
A GENERAL INTRODUCTION TO METAL AMIDES 
1.1 INTRODUCTION 
1.1.1 GENERAL BACKGROUND 
A metal amide is a compound which contains one or more amido ligands 
[NRR'r (Chart 1-1) bound to the metal center. The foundation of amidometal 
chemistry was laid in the 1960’s and 1970,s，with considerable research efforts being 
focused on the reactivity of metal-nitrogen bond in comparison with that of the 
metal-carbon bond in various metal alkyl or aryl compounds. 
In the past two decades, cyclopentadienyl ligands [CsRs]' (Chart 1-1) have been 
one of the most popular ligand systems used in organotransition metal chemistry. 
Metal complexes derived from cyclopentadienyl ligands play an important role in 
organic and polymer syntheses. At the beginning of the 1990,s, considerable 
research efforts have been devoted to the development of new generation of 
"non-metallocence" catalysts. Amido and alkoxide ligands have a greater potential 
in ligand design as compared with that of the cyclopentadienyl ligand through 
variation of the steric and electronic properties of the R and R' substituents. The 
corresponding metal complexes have a different degree of association, ranging from 
monomeric to polymeric structures. 
I 
M M M 
Chart 1-1 
The first metal amide, Zn(NEt2)2, was reported by Frankland in 1 8 5 6 �I t 
1 
was prepared by the reaction of diethyl zinc with diethylamine (Equation 1-1). 
ZnEt2 + 2 HNEt2 • Zn(NEt2)2 + 2 C2H6 
Equation 1-1 
The first transition metal amide, [Ti(NP]i2)4], was reported in 1 9 3 5 ? Since 
then, no other transition metal amides have been reported until the late 1950's. The 
first lanthanide metal amides were reported in the 1970's. 
Few examples of late transition metal amides have been reported in the 
literature. This may be due to an unfavorable combination of the "hard" anionic 
amido ligand and the "soft" late transition metal center. Alternatively, a�兀—conflict 
between the lone-pair electron density on the amido nitrogen atom and the filled 
J-orbital of the late transition metal center may also destabilize the M-N bond.4 
1.1.2 METAL COMPLEXES WITH 2-PYRIDYL AMIDO LIGANDS 
Amido ligands have a great potential in ligand design. They are readily 
incorporated into complex polydentate ligand structures and combined with other 
donor functionalities. The metal center can be stabilized by additional ligating 
functions. Studies of mono anionic 2-pyridyl amido ligands have attracted much 
attentions since the 1980's (Chart 1-2). A numbers of main-group,transition 
metal,24 as well as rare earthi8,24，25 metal amides derived from these ligands have 
been reported. 
^ ^ ^ R ^ 
N N z N N N N 0 e 0 
R = H, Me, Ph, Py, R�二 H, Ad, SiMeg, R = SiMeg 
Ad or SiMeg S旧uW? or SiBu'Ph2 
Chart 1-2 
2 
Metal complexes derived from these ligands exhibit unusual coordination 
geometry as well as different extents of association. These ligands have also shown 
a great flexibility in their coordination modes. They may act as monodentate 
TV—centered ligands, TV,TV-bridging ligands or TV,TV'—chelating ligands. Recently, the 
chemistry of pyridyl bisamido ligands^ "^^ "^  has also attracted much research interest 
(Chart 1-3). 
o� 『 ， R 
J l� 人 ff^VN.…“I� 二S广'sil / ^ V ^ N人N人�
/ n 乂 （ ^ N e 、 《 ， N 掩 e 
Schrock et a/.- Kempe et a/32,33 Scott et 
Chart 1-3 
The corresponding metal complexes have been proved to be efficient 
polymerization catalysts. Some examples of metal complexes derived from these 
ligands are illustrated in Chart 1-4. 
“ O N 
I�\CH2Ph N ^ J O n CH(SiMe3)2 
\ _ J l � C H 2 P h �^^N';;Ti—CI MeaSi N ^ ^ V 
N\ u 3 N � MeaSi X 
Ar MesSi S^iMeg 
McConville et al.^^ Gade and Mountford et 
�\si�人 ^ 
/Si-N \� 产N Z八 V V S \本1.,| 
‘ X � i W V 人 V N 个 I 
W ^ I s i J r y N 
/ — V ^ X Y 
Ln = Sm, n = 3 
Kempe efa/.3i .32 Scott et al.^"^ 
Chart 1-4 
3 
1.2 OBJECTIVES OF THIS WORK 
In recent years, considerable research efforts have been devoted to metal 
complexes with cyclopentadienyl-free ligation. Among various cyclopentadienyl 
alternatives, amido ligands [NRR']" have been the focus of much attention. More 
recently, the sterically demanding 2-pyridyl amido ligands [N(R)(2-C5H3N-6-Me)“ 
(R�二 SiBu'Me2, SiBu^Phs) and [N(SiBu'Me2)(8—CgHeN)]- have been developed in our 
labomtory.20，2i，23,25，35 These ligands have been proved to stabilize a number of 
main-group, late transition metal and lanthanide metal complexes with a low degree 
of association. In this work, Group 13 metal amides derived from the sterically 
demanding [N(SiBu'Me2X2—C5H3N—6—Me)]— [L ]^" ligand have been studied. 
Besides, the new pincer-type amido ligand [Me2Si{NH(2-C5H4N)} {N(2-C5H4N)}:-
'1?Y (Chart 1-5) has also been developed in our studies. 
^ M e �， 人 ？�
N N Me, X ^ N 
M — [1_2厂�
Chart 1-5 
The pincer-type diamine ligand system can bind to a metal and stabilize the 
2 — • 
corresponding complexes via chelating effect. By employing the [L ]" ligand, we 
have successfully prepared its alkali metal derivatives which have been proved to be 
good ligand transfer reagents for the preparation of other metal complexes. 
4 
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CHAPTER 2. 
GROUP 13 METAL AMIDES 
2.1 GENERAL BACKGROUND 
Group 13 amido complexes have attracted much attention due to their rich 
structural chemistry^"^ and their applications as catalysts in polymerization 
reactions,6—9 as well as their potential applications as precursors for chemical vapor 
deposition of refractory and wide-band semiconducting materials (e.g. AIN, 
GaN).io-i2 
2.1.1 COMMON METHODS FOR THE PREPARATION OF GROUP 13 
METAL AMIDES 
Group 13 metal amides can be prepared by a number of methods, which are 
summarized as follows: ^  
1 • Hydrogen Elimination 
Group 13 metal amides can be prepared by the direct reaction of a secondary 
amine with the appropriate metal or MH3 (Equations 2-1 and 2-2). 
M = AI, Ga or In 1 � 
M + 3 RR'NH • M(NRR')3 + 3/2 H2 ( 2 - 1 ) 
M = Al, Ga or In 
MeaN • MH3 + 3 RR'NH • M(NRR')3 + MegN + 3 H2 (2-2) 
2. Alkane Elimination 
The reaction of a metal alkyl with a secondary amine may lead to the 
corresponding metal amide (Equation 2-3). 
M = Al, Ga or In . . 
R"3M + 3 RR'NH • M(NRR_)3 + 3 R"H (2-3) 
3. Transmetallation 
It involves the reaction of a metal halide MX3 with an alkali metal amide 
8 
(Equation 2-4). 
MX3 + n M'NRR' • M(NRR')„X3.„ + n M_X (2-4) 
M = Al, Ga or In 
M’ = Li, Na or K 
X =CI, Br or I 
4. Transamination 
Transamination involves the exchange of amido substituents. The reaction is 
determined by the bulkiness and basicity of the substituents of the amido ligands 
(Equation 2-5). 
M = Al, Ga or In , � � • • • /o c\ 
M(NR2)3 + X R'2NH • M(NR2)3-X(NR'2)X + (3-x) R2NH (2-5) 
2.1.2 AN OVERVIEW ON ALUMINUM(III), GALLIUM(III) AND 
INDIUM(III) AMIDES 
By employing the amido [NMei]" ligand, Wiberg et al. and Noth et al. have 
successfully prepared the corresponding aluminum(III) and gallmm(III) complexes, 
r e s p e c t i v e l y / 3 - 1 7 ^^^ complexes were prepared by the reaction of LiNMe〗 with the 
corresponding metal (III) chloride (Equation 2-6). 
hGX3 n6 
6 UNMe2 + 2 MCI3 — • [M(NMe2)2(M -NMe2)�2 -Ll� l 
M = Al or Ga 
Equation 2-6 
It was until 1990 that Power and co-workers have structurally characterized 








M = Al or Ga 
Power et a/.""® 
9 
The aluminum(III) derivative, [ Al(NMe2)2 {|i-NH( 1 -Ad)} ] 2 (1-Ad = 
1-adamantanyl), which contains two bridging [NH(1-Ad)]~ ligands, has also been 
reported. 18 
N H 
Me2N�> \ ,NMe2 
:AI\ Al� 
Me2N' N^f^  NMe2 
Power et a /” 
By employing the more bulky bis(trimethylsilyl)amido ligand, Wannagat and 
co-workers^^ have prepared the aluminum(III) triamide [Al{N(SiMe3)2}3]. The 
monomeric structure of the compound was later confirmed by Sheldrick and 




Sheldrick et a/.?。 
By using the same ligand, the gallium(III) and indium(III) counterparts 
[M{N(SiMe3)2}3] (M = Ga^ "^^ ^ or have also been successfully synthesized 
(Chart 2-1). Besides, other Group 13 metal amides such as [Al(Mes){N(SiMe3)2}2] 
(Mes 二 C6H2Me3-2，4,6),22 [GaCl{N(SiMe3)2}2],'' [GaH{N(SiMe3)}2(quin)] (quin = 
quinudidine),25 ^nd [GaR2{N(SiMe3)}(quin)] (R - H^ ^ or C P ) (Chart 2-1) have also 
been reported. 
/N(SiMe3)2 J 
X — M \ 、N々 
N(SiMe3)2 I 
v���Ga—N(SiMe3)2 
M = Ga. X = CI or N(SiMe3)2; X、/ 
M = ln, X = N(SiMe3)2 X 
X = H or CI 
22 24 
Power et al.,‘ 〜 , ‘ ,,25 26 
,23 Gladfelter et a/ ’ 
Cowley and Jones et al. 
Chart 2-1 
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Other examples of aluminum(III) amides include [Al(NPr'2)3],^ ^ 
[A1X2{^-N(C6HII)2}]2 (X = Me or C I ) , [ A I C I 2 {NBu'(SiMe2)N(H)Bu^} ]，28  
[Al(SiMe3)2(|i—NH2)]2,29 and [AlClMe{|i-NH(SiMe2H)}](Chart 2-2). 
HiiCe /CeH-ii 
X 乂 Bu\ SiMe2H 
> ( X� 八 M e 、 n ,CI 
X X M e ^ S r >1012 Al Al 
u P / V M \ Z CI M e 
H n C e CeHii N H T 
R,/ SiMe2H 
X = M e or CI� 叫�
Roesky et al.^^ Veith et al.^^ Carmalt et al.^^ 
Chart 2-2 
Group 13 amides containing pyridyl amido ligands have also been reported. 
Wang et al. and Roesky et. al. have successfully prepared 
[AlMes {|a-NH(CH2-w-Py)} ] 2 {n = or 4尸 Py = pyridyl), 
[AlMe2{N(CH2—2—Py)2}],32 and [AhMos{N(CH2-2-Py)2}]^^ (Chart 2-3). By 
employing the appropriate amido ligands, Wang et al. have also prepared 
[乂lMe2{NPh(CH2CH2)]^2}严 and [乂lMe{|a-NPh(CH2CH2)]^H}]3.33 
,, AIMeg 
^ ^ M e .y, 
M e ^ M/ M e M/ V 
W a n g et a/31.32 
Chart 2-3 
Using the bis(2—pyridyl) amido ligand [N(2—Py)�]"", Raston and co-workers 
have successfully synthesized the mononuclear [A1{N(2-Py)2}3] complex. 
{J 
N > - N V - N 
O O 
Raston et a/.34 
11 
The same research group has also reported other aluminum(III) amido 
complexes, such as [A1C1„{NR(8-C9H6N)}3-.] (R = H, " =�：！严 R = SiMes, n = 
[AlH {N(SiMe3)CH2} 2]2,36 [A1 {N(SiMe3)CH2} 2 {N(SiMe3)CH2CH2N(H)SiMe3}], 
and [AICI2{N(SiMe3)CH2CH2N(H)SiMe3}严(Chart 2-4). 
/ ~ \ \SiMe3 MeaSi SiMeg 
Ck�义丨一 NH Me3Si-N N、； u r^ N HN^ 
人 、 .N； \/N-SiMe3 ^ 八 」�
r I 1 MegSi \ _ / I I 
MeaSi SiMea 
Raston et a/.^ '^^ ® 
Chart 2-4 
Gallium(III) amido complexes [Ga2H2 {(NPr'CH2)2} 2], and 
[GasHs {(NMeCH2)2}2] have also been reported by Raston and Atwood (Chart 2-5).^ ^ 
Pr'x�八 ^_^ 
N\ / M e � A r \ ^Me 
H-Ga-N—Pr' H^ ^ H 
1 I 、-Ga、 >Ga ^ G a 
Pr^ n,..N-Ga."iH H�� � N H 
/ V, Me^ \__/ Me 
fRasto门 and Atwood^^ 
Chart 2-5 
Moreover, a series of gallium(III) amides such as [Ga(Mes*)x(NHPh)3_;c! 
(Mes* = C6H2Bu3-2,4,6,� ；c = 1 or 2),^ ' [ G a ( N H B u % ( | i - N H B u [ G a C l � — 
{N(H)SiMe3}(THF)]严[GaCl2{|i-N(H)SiMe3}]2,^^''^ [Ga{NBu'(CHCH)NBu'}2]^ 
[da{NBii'(CHCH)lW}]2,i as well as the gallium(III) amido imido clusters, 
[(GaPh)4(NHBu')4(NBi02]42 and [(GaPhWNHMeWNMe);]^ were also successfully 
prepared. 
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On the other hand, there are few reports on structurally characterized 
indium(III) amides. Representative examples of indium(III) amides include 
[iiMe {NBu�乂 SiMe2)]W} [In{NPh(SiMe3)}3]，43 [In(NPh2)3.(Py)],43 and 
[In{N(Bii)(SiHMe2)}3.(p-Me2NPy)]43 (Chart 2-6). 
R 
Me2 1 
M e 、 N - B u '� 、 一�
\|n In i 
B , Z • 'Me RiA、，�
Bu — N N R' 
\ z \ t 
\ f Bu R = H, R' = Ph2；�
Me2 R = NMe2, R' = (Bu^)(SiHMe2) 
Veith et al.^^ Hoffman et a/.^ ^ 
Chart 2-6 
Aluminum(III) Arylamides 
Secondary amido derivatives of the type R2M(NHR') (M�二 Al, Ga or In, R 
and R' = alkyl or aryl) are less common as compared with their tertiary amido 
counterparts R2M(NR'2). The former compounds readily undergo intermolecular 
amine or alkane elimination to form imido products of the type R2M-N(R')-MR2 or 
[RM(NR')]/4 
Smith and co-workers have reported the reaction of AlMes and a substituted 
aniline to give the dimeric [AlMe2 {}i-NH(C6H4Me-2)} ji which was converted to 
[Al(Me)(NC6H4Me-2)]6 upon heating 45 
Me \ > 
M e 丨 丨 M e 
f 1 Me 
Smith et a/45 
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By employing the anilide ligand [NHAr孙T ( ^ r ' ? �= CsHsPrV"2,6)，Power 
et al. have successfully prepared the dimeric [AlMe2(ji-NHAr'户广46 Upon 






Power et a/，® 
Using the same anilide ligand, Robinson et al. and Schulz et al. have 
successfully prepared a number of aluminum(III) arylamides such as 
as well as 
[AlX(NHAr'.P�)2(NMe3)] (X� 二 H or NHAr,尸。严 and 
[AlH(NHAr (Chart 2-7). The ionic counterpart, 
was reported by Atwood and co-worker. 
, I p M e s ^ M e s ppN�二 P ^ S ^ ^ H 
H T P F C C P^-O O - P . 
(CH2Bu')2 X = HorNHAr'种2 P — A J 
Robinson et a/47’48 Schulz et a/.^ ^ 
Chart 2-7 
Lappert et al. have reported the preparation of an aluminum(III) amide by the 
reaction of the sterically more demanding aniline (Mes*)NH2 with McsAl.^ ^ 
However structural data of the compound have not been obtained. Recently, Power 
et al. have reported an aluminum(III) arylamide [Al(Mes*)(NHPli)2] by using a less 
bulky anilido ligand. 
14 
2.1.3 AN OVERVIEW ON ALUMINUM(III) ARYLOXIDES 
The chemistry of Group 13 metal aryloxides has attracted much attention due 
to their widespread applications in organic t ransformat ions .S ince aluminum 
has a tendency to achieve its maximum coordination number, its alkoxide and 
aryloxide complexes tend to associate to give aggregates containing a tetrahedral or 
octahedral metal center. 
By employing the bulky aryloxide ligand [OC6H2Bu2-2,6-Me-4]" ([BHT]"), 
Pasynkiewicz et al have reported the synthesis of The 
preparation and structures of [AlMe(BHT)2] and [AlEt2(BHT)(MeC6H4C02Me): 
were reported by Ittel and co-workers lately.^ ^ By using the same aryloxide ligand, 
the closely related [AlBu�(BHT)],58 and the [AlMe(BHT)(|i-OPr0]2^^ complexes 
have been successfully prepared. The latter compound was reported to be active 
towards polymerization of s-caprolactone. 
Barron and co-workers have reported the first three-coordinate, homoleptic 
aluminum(III) aryloxide [A1(BHT)3].^ ^ 
V ^ c r � 
Bu B u l l Bu^  
Barron et 
It was prepared by treatment of AlH(BHT)2(OEt2) with BHT-H in refluxing 
toluene (Equation 2-7). 
toluene 




The same research group has also successfully synthesized the Lewis 
acid-base adduct [AlMe2(BHT)(L)] (L = PMes, Py or and the 
aryloxide-alane derivative [AlH2(BHT)(NMe3)]„ = 1 or 
Using the sterically more demanding aryloxide ligand [Mes*0]~, Power and 
co-workers have prepared the mononuclear [AlBu�(OMes*)].58 
B V C T V 
Power et al.^^ 
The closely related [AlCl2(OMes*)(OEt2)] and [Al(0Mes*)2(|_i—OEt2)]2 have 
been recently reported by Roesky and co-workers (Chart 2-8) 
Bi/ 
A B u y o u t 
Cl^  V '"oEt, I T Et2 
Roesky et al.^^ 
Chart 2-8 
Aluminiim(III) complexes derived from the [OCeU^Fr'2-2,6]' ([OAr'^]") 
ligand, such as [AlH(OAr''''"02(THF)2],^ ^ 
[Al(OAr�肝 2)3{0(CH2)4NEtMe2}],66 and [Al(tmp)2(OAr''''"0] (tmp = 
tetrametylpiperidino)67 have been reported (Chart 2-9). 
Pr' o V 1 Pr'- k 〇々(CH2)4NEtMe2 
Barron et a/.®^  Gladfelter et a/.®^  
Chart 2-9 
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Other examples of aluminum(III) aryloxides include 
[AlMe(OMes)2(3,5-Me2Py)],62 [ A l B u W ^ i - ( A r� 她：=C6H3Me2-2,6),'' 
[ A l ( O A r 她 [ A l B u , ( D B P ) 2 ] (DBP = OCsHsBu'�-2,6),68 [A\(OAi''%] 
(A/�=C6H3Ph2—2,6),69 and [AlBu乂ii-OPh)：^?。(Chart 2-10). 
/ \ ^ u ' BU'- Ph o - V 
义 K u ' Y ^ Bu�次’ 
Lehmkuhl et al.^^ Yamamoto et a/.®^  
Chart 2-10 
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2.2 AIMS OF OUR STUDIES 
Group 13 metal amides can exist in the form of monomers, dimers, 
trimers or higher aggregates, exhibiting rich chemical structures like ring, cube, 
chain cage, etc. 1—5 in order to stabilize the coordinatively unsaturated metal center, 
amido ligands tend to form bridges between metal centers, forming rather stable 
associated compounds.! The use of bulky ligands, on the other hand, helps to 
reduce the degree of aggregation. Previous studies by other research groups have 
shown that A'-functionalized ligands can support monomeric Group 13 compounds, 
such as [Al{C(SiMe3)2(2-Py)}2Cl]，7i,72 [Ga{C(SiMe3)2(2-Py)}2Cl]，7i，72 
[A1C1„{NR(8-C9H6^}3-„] (R� 二 H, « = 1;34 R = SiMes, n = and 
:A1{N(2-Py)2}3],34 and give extra stability through a chelating effect. 
The sterically demanding 2-pyridyl amido ligand 
；N(SiBii'Me2)(2—C5H3N—6—Me)]- ([L^]") has recently been developed in our 
73 . 
laboratory. In this part of our studies, we aimed to prepare Group 13 amido 
complexes supported by the L^  ligand, and study their reactivity and properties. 
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2.3 RESULTS AND DISCUSSION 
2.3.1 PREPARATION OF [HN(SiBu'Me2)(2-C5H3N-6-Me)] (HL/) AND ITS 
LITHIUM DERIVATIVE [LiLi(TMEDA)� 
The ligand precursor HL^  (1) was prepared according to the procedure 
previously described (Scheme 2 - 1 ) ” 
\ 广 NH2 [ ^ ' j r T M E D A ^ NHLi(TMEDA) ^ gquiv. MezBi/SiCI N^siBu^Me2 
^ ^ ^ Et20, r.t., 4 h ~ E t 2 0 , r.t.’ 12 h ^ 
1 90% 
Scheme 2-1 
Compound 1 was synthesized by a "one-pot" procedure. 
2-Amino-6-picoline was lithiated with 1.2 molar equivalents of LiBu" in the 
presence of TMEDA. After stirring at room temperature for 4 hours, the resulting 
solution was quenched by one molar equivalent of ^er^-butyldimethylsilyl chloride. 
Removal of all the volatiles in vacuo gave a yellowish-brown oily liquid from which 
1 was obtained in 90% yield by vacuum distillation. 
Treatment of compound 1 with 1.2 molar equivalents of LiBu" and TMEDA 
in diethyl ether gave the lithium derivative 2 in 80% yield (Scheme 2-2). The 
lithium amide was used as a transmetallation reagent as described in the following 
section. 
\ / 
M H 1.2 equiv. LiBu", 
Y� 丫 S旧L/Me2 1 equiv. T M E D A \ i 




2.3.2 SYNTHESIS AND STRUCTURES OF ALUMINUM(III), 
GALLIUM(III) AND INDIUM(III) AMIDES 
2.3.2.1 Synthesis of [MC1(L^)2] (M = Al 3，Ga 4) and [In(L^)3] (5) 
The Al(III) and Ga(III) amido compounds 3 and 4 were obtained by the 
reaction of the appropriate anhydrous MCI3 (M�二 Al or Ga) with two molar 
equivalents of the lithium amide 2 in diethyl ether solution at ambient temperature 
(Scheme 2-3). Compounds 3 and 4 were obtained as colorless crystals in 61% and 
35% yields, respectively. Both compounds are soluble in common organic solvents 
but only sparingly soluble in hexane. 
Treatment of InCls with three molar equivalents of 2 in diethyl ether gave 
compound 5 as colorless crystals in 54% yield (Scheme 2-3). The compound is 
soluble in common organic solvents (including hexane). 
Attempts to prepare a monochloro In(III) diamide by the reaction of InCls 
with two equivalents of 2 in diethyl ether were unsuccessful. Only the In(III) 
triamide 5 was isolated after the reaction. We ascribe this to a larger ionic radius of 
In(III) (as compared to that of Al(III) or Ga(III)) so that three L! ligands can be 
accommodated on the same metal center in 5. 
从 CI ,SiBu'Me2 
1/2 equiv. MCI3 / N. | ^/N 
\ / ~ \ / 
/N. 3 M = AI 61 % 
z � _ / 4 M = Ga 35 % 
/Li\ 
� N丫 N�siBu—2 — 
2 Me2Bu【Si\ 
/ N-(\ J 
1/3 equiv. InCIa � 
Et20, r.t., 12h ^ / \ \ � S B i / M e 2 
5 54 % 
Scheme 2-3 
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Attempted Reaction of Indium® Chloride with NajJ 
1 equiv. InCI 
NalJ ———• White Solid 
Et20, r.t.，12 h 
Scheme 2-4 
Attempts to prepare an indium(I) complex derived from L^  have been 
unsuccessful. The reaction of sodium amide^ '^  NaL^ with InCl in diethyl ether gave 
a pale yellow solution with a black precipitate. The latter may be an indicative of 
the reduction of In(I) to ln(0). Upon filtration and removal of all the volatiles from 
the filtrate, a white solid was obtained which remained uncharacterized (Scheme 
2 4 ) . 
2.3.2.2 Physical Characterization of Compounds 3-5 
Compounds 3-5 have been characterized by H^ and ^^ C NMR spectroscopy, 
mass spectrometry (E. 1. 70 eV), elemental analysis and melting-point measurement, 
in addition to single-crystal X-ray diffraction studies. 
The 1H and ^^ C NMR spectral data for compounds 3-5 are listed in Table 2-1. 
Compounds 3-5 showed only one set of H^ and ^^ C NMR signals, indicating that the 
two amido ligands in each complex are chemically equivalent. 
The 1h NMR spectra show two singlet peaks at —0.11 and 0.19 ppm for 
compound 3, as well as a broad signal at 0.10 ppm for compound 4, which are 
assignable to the two Me substituents of the SiBu'Me� group. The two singlet peaks 
suggest that the two Me substituents on the SiBuMe2 group are magnetically 
nonequivalent.卞 The singlet resonances at 0.99 and 1.00 ppm, respectively, are due 
卞 The two methyl substituents on the silyl group of the ligand L^  are prochiral due to the presence of 
the chiral metal center. Non-equivalence of the two methyl substituents on the silyl group have 
also been observed in the [Ln(L/)3] (Ln = Y，Smf and [M02(l1)2] (M = Mo, W ) ” 
21 
to the tert-h\xty\ group. The 6—Me protons on the pyridine ring of compounds 3 and 
4 occur as a singlet at 2.45 and 2.40 ppm, respectively. Three resonances due to the 
pyridyl protons are observed at 5.92-6.90 ppm. The resonance signals of the 
pyridyl protons were assigned according to the following reasoning. Chart 2-12 
shows the three resonance structures due to the delocalization of the negative charge 
from the amido nitrogen to the pyridyl ring. The pyridyl carbons bearing Ha and He 
are expected to be more electron-rich, as compared to the pyridyl carbon bearing Hb. 
Accordingly, the resonance signal due to Hb is expected to locate at the most 
down-field position among the three pyridyl signals. He, which is close to the 




M 人 人 n z S 旧 — 2 
\ / 
Chart 2-11 
\ / \ / \ / 
••wvwvv N/V^WVW^  
Chart 2-12 
The H^ and ^^ C NMR spectra of compound 5 are worth discussing. It is 
believed that the compound consists of a racemic mixture of A and�八 enantiomers. 
Two singlet resonances at 0.48 and 0.50 ppm in the H^ NMR of 5 were assignable to 
the two Me substituents of the SiBu'Me� group. The ^^ C NMR of the compound 
also showed two singlets at -2.23 and -0.95 due to the SiMe2 moiety. The two Me 
substituents are prochiral and magnetically non-equivalent due to the presence of the 









































































































































































































































































































































































































































































































































































































































Molecular ion peak [M]+ at m/z = 504 (2%) was observed in the mass 
spectrum of compound 3. Fragmentation peaks due to [ M — ( 4 4 7，8 8 % ) , 
[A1L^2-BUT (411, 7%), [L1]+ (222, 10%), and [L^-BuT (165, 100%) were also 
observed. 
Molecular ion peak [M]+ at m/z = 548 (1%) was observed in the mass 
spectrum of compound 4. Other fragmentation peaks observed include [M—Bii’+ 
(491, 36%), [GaL^2-BuT (453, 7%), and [L^-Bu^ (165, 100%). 
No molecular ion peak [M]+ was observed in the mass spectrum of compound 
5. The spectrum only showed fragmentation peaks due to [InL a^]^  at m/z = 557 
(50%) and [InL^2-BuT at 499，(5%). 
Results of elemental analysis of compounds 3 and 4 were not consistent with 
their respective empirical formula. This may due to the high sensitivity of the metal 
amides towards air and moisture. Moreover, it is believed that compounds 3 and 4 
might be contaminated by lithium salts, as evidenced by the presence of a white 
precipitate upon recrystallization of the compounds with toluene. 
2.3.2.3 Molecular Structures of Compounds 3-5 
1. Molecular Structure of Compound 3 
The molecular structure of compound 3 with the atom numbering scheme is 
depicted in Figure 2-1. Selected bond lengths (A) and angles (deg) are listed in 
Table 2-2. 
Compound 3 crystallizes in an orthorhombic crystal system with the space 
group Ahal. Compound 3 is mononuclear with one chlorine atom and a pair of 
—chelating L^  ligands bound to the aluminum metal center. The 
five-coordinate compound affords a distorted trigonal bipyramidal geometry. The 
24 
two amido nitrogens N(2) and N(2A), and the chlorine atom define the trigonal plane 
sum of bond angles�二 359.98�]. The axial positions are occupied by the two 
pyridyl nitrogen atoms N(l) and N(1A) [N(1)-A1-N(1A) = 173.9(2)'']. 
The amido nitrogen atoms [N(2) and N(2A)] exhibit a nearly trigonal planar 
geometry with the sum of bond angles of 357.2�. When comparing with other 
monomeric Al(III) amides, the Al-Namido bond distance of 1.906(3) A in 3 is shorter 
than those of 1.964(8)—1.999(9)人 in [A1{N(2—Py)2}3].34 However, it is longer than 
those of 1.791(4)~1.801(4) A in [Al(NPr'2)3]严 1.804(2)—1.809(2) A in 
[Al(Mes){N(SiMe3)2}2],2i 1.78(2) A in [Al{N(SiMe3)2}3],20 1.816(8) A in 
[义 lCl2{N(SiMe3)(8-C9H6i0}],35 and 1.840(7)—1.844(7) A in 
[A1C1{NH(8-C9H6N) } 2] .34 
The Al-Namido distance in 3 is also longer than the terminal Al-N distances of 
1.799(2) and 1.805(2) A in the dimeric [Al(NMe2)2(|i—NMe2)]2,i8 and 
1.804(3)-1.810(3) A in the dimeric [AM{N(SiMe3)CH2}2]2.36 
The Al-Npyridyi bond distance of 2.000(3)人 in 3 is marginally shorter than 
those of 2.018(9)-2.12(1) A in [A1{N(2-Py)2}3],34 but much shorter than that of 
2.226(3)人 in [AlMe2{|i-NH(CH2-2-Py)}]2.^^ However, it is longer than those of 
1.91(2) and 1.93(2) A in the cationic [Al{C(SiMe3)2(2-Py)}2]''/^ 
The Al-Cl bond distance of 2.179(2) A in 3 is comparable to the 
corresponding distance of 2.184(4) A in [AlCl{NH(8-C9H6N)}2]but slightly 
longer than those of 2.120(2) and 2.142(2)� 人 in 
[AICI2{N(SiMe3)CH2CH2N(H)SiMe3}]It is also longer than those of 2.117(1) A 
in [AlCl2{N(C6Hii)2}]2，27 and 2.109(5)-2.122(5) A in 





















































Table 2—2. Selected Bond Distances (人）and Angles (deg) for Compound 3. 
[A1C1(L1)2] (3) 
Al-N( l ) 2.000(3) Al-N(2) 1.906(3) 
A l - C l 2.179(2) Al —C(6) 2.387(4) 
N(l)-C(6) 1.337(5) N(2) - C(6) 1.376(5) 
Si(l)-N(2) 1.746(3) 
N(1)-A1-N(1A) 173.9(2) N(1)-A1-N(2) 69.2(1) 
N(2)-A1-N(2A) 110.0(2) N(2)—Al-Cl 125.0(1) 
C(6)-N(2)-A1 91.9(2) C(6)-N(2) - Si(l) 126.1(1) 
Si(l)-N(2)-Al 139.2(2) 
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2. Molecular Structure of Compound 4 
The molecular structure of compound 4 with the atom numbering scheme is 
depicted in Figure 2-2. Selected bond lengths (A) and angles (deg) are listed in 
Table 2-3. 
Compound 4 crystallizes in an orthorhombic crystal system with the space 
group Pbca. Compound 4 is isostructural to the Al(III) analogue 3. 4 consists of a 
five-coordinate metal center bound by one chlorine atom, as well as two chelating L^  
ligands. The five-coordinate compound affords a distorted trigonal bipyramidal 
geometry, with the N( 1 )-Ga( 1 )-N( 1 A) bond angle of 172.01(7)�and an angle sum of 
360° around the Ga(III) center with Cl(l)，N(2), and N(2A) occupying the equatorial 
positions. The deviation of the N( 1 )-Ga( 1 )-N( 1 A) angle from linearity is believed 
to be a consequence of the geometric constraint of the four-member metallacycle 
rings formed by the L^  ligands to the Ga(III) center. 
The amido nitrogen atoms [N(2) and N(2A)] exhibit a nearly trigonal planar 
geometry with the sum of bond angles of 358.71° (av). In comparison with other 
monomeric Ga(III) amides, the Ga—Namido bond distances of 1.952(1) and 1.957(1) A 
in 4 are comparable to those of 1.914(1) and 1.932(1) A in 
[GaH{N(SiMe3)}2(quin)],25 and 1.913(2) A in [GaHs{N(SiMe3)}(quin)]They 
are longer than those of 1.868(1)人 in [Ga{N(SiMe3)2}3],2i 1.834(4) and 1.844(4) A 
in [GaCl{N(SiMe3)2}2],2i and 1.866(1) A in [GaCls{N(SiMe3)2}(quin)] 
The Ga-Npyridyi bond distances of 2.106(1) and 2.111(1) A in 4 are shorter than 
those of 2 .186(3)—2.268(4)人 in [GaCl{C(SiMe3)2(2-Py)}2] .7i 
The Ga(l)-Cl(l) bond distance of 2.2078(7) A in 4 is somewhat shorter than 
the Ga—CI bond distance of 2.211(2)—2.231(2)人 in the Ga(III) alkyl 
:GaCl{C(SiMe3)2(2—Py)}2].7i It is marginally longer than those of 2.1952(8) and 
28 
2.2011(8) A in [Gaa2{N(SiMe3)2}(quin)].26 Moreover, it is longer than those of 

































































Table 2—3. Selected Bond Distances (A) and Angles (deg) for Compound 4. 
[GaCl(L^)2] (4) 
Ga(l)-N(l) 2.106(1) Ga(l)-N(1A) 2.111(1) 
Ga(l)-N(2) 1.957(1) Ga(l)-N(2A) 1.952(1) 
Ga(l)-Cl(l) 2.2078(7) Si(l)-N(2) 1.742(1) 
Si(lA)-N(2A) 1.734(1) N(l)-C(6) 1.350(3) 
N(2) - C(6) 1.374(3) N(2A) - C(6A) 1.367(3) 
N(l) - Ga(l) - N ( I A ) 172.01(7) N(l) - Ga(l)-N(2) 66.62(7) 
N(l) - Ga(l)�一 Cl(l) 94.55(5) N(1A) — Ga(l)-N(2A) 66.46(7) 
N(1 A) - Ga(l) — Cl(l) 93.44(5) N(2) — Ga(l) - N(2A) 114.68(7) 
N(2) — Ga(l) — Cl(l) 123.63(5) N(2A) - Ga(l) - Cl(l) 121.69(6) 
Ga(l)-N(2)-C(6) 94.4(1) Ga(l)-N(2A) - C(6A) 94.7(1) 
Ga(l)-N(2) - Si(l) 136.66(9) Ga(l)-N(2A) — Si(lA) 136.8(1) 
C(6) - N(2) - Si(l) 127.1(1) C(6A) — N(2A) - Si(lA) 127.7(1) 
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3. Molecular Structure of Compound 5 
The molecular structure of compound 5 with the atom numbering scheme is 
depicted in Figure 2-3. Selected bond lengths (人）and angles (deg) are listed in 
Table 2-4. 
The monomelic Compound crystallizes in a triclinic crystal system with the 
space group PL Three L^  ligands bind to the In(III) center in a chelating fashion, 
resulting in a distorted octahedral structure. The three amido ligands form a 
propeller-like arrangement around the In(III) center. 
The amido nitrogen atoms [N(l), N(3) and N(5)] exhibit a nearly trigonal 
planar geometry with the sum of bond angles of 359.53° (av). The In-Namido bond 
distances of 2.205(6)-2.217(6) A in 5 are longer than those of 2.049(1) A in 
[In{N(SiMe3)2}3],24 2.104(3)人 in [InBu�{NAr巧(SiPh�)}]? 2.083(2)-2.103(2) A 
in [In{NPli(SiMe3)}3]，43 2.079(3)-2.099(3) A in [In(NPh2)3.(Py)]43 and 
2.122(3)-2.130(3)人 in [In{N(Bu^)(SiHMe2)}3-(p-Me2NPy)].^ ^ Apparently, the 
I 1 
highly strained four-member InNCN metallacycle ring may result in the longer the 
In-N bonds in 5. 
The In-Namido distances in 5 are longer than the terminal In—Namido distance of 
2.107(3) A in the dimeric indium(III) amides [InMe{NBu (SiMe2)NBu'}]2.^^ 
However, they are comparable to that of 2.277(4)人 for the bridging In-Namido bonds. 
The In-Npyridyi distances in 5 [2.308(6)—2.336(6) A] are longer than the 
corresponding distance of 2.264(4) A in [In(NPh2)3-Py].43 They are comparable to 
that of 2.327(3) A in [In{N(Bu)(SiHMe2)}3.(p~Me2NPy)],43 2.28(3)-2.32(2)人 in 
































Table 2-4. Selected Bond Distances (人）and Angles (deg) for Compound 5. 
_ L 1 ) 3 ] (5) 
In(l)-N(l) 2.217(6) In �- N ( 2 ) 2.336(6) 
In(l)-N(3) 2.205(6) In � —N ( 4 ) 2.317(6) 
In(l)-N(5) 2.216(6) In(l)-N(6) 2.308(6) 
C(l)-N(l) 1.353(9) C(l)-N(2) 1.358(9) 
C(13)-N(3) 1.354(9) C(13)-N(4) 1.359(9) 
C(25)-N(5) 1.35(1) C(25)-N(6) 1.35(1) 
Si(l)-N(l) 1.729(6) Si(2)-N(3) 1.722(6) 
Si(3)-N(5) 1.729(7) 
N(l)-In(l)-N(2) 59.8(2) N(l) - In(l)-N(3) 110.9(2) 
N(l)-In(l)-N(4) 95.5(2) N(l) - In(l)-N(5) 108.6(2) 
N(l)-In(l)-N(6) 152.2(2) N(2) - In(l)-N(3) 156.3(2) 
N ( 2 ) - I n ( l ) - N ( 4 ) 97.5(2) N(2)-In(l)-N(5) 94.8(2) 
N(2)-In(l)-N(6) 94.4(2) N(3)-In(l) — N(4) 60.3(2) 
N(3)-In(l)-N(5) 108.9(2) N(3) - In(l)-N(6) 97.0(2) 
N(4)-In(l)-N(5) 155.9(2) N(4) - In(l)-N(6) 98.3(2) 
N(5)-In(l) — N(6) 60.0(2) C(l)-N(l)-In(l) 95.4(4) 
C(l)-N(l)-Si( l) 129.9(5) C(13)-N(3)-In(l) 95.2(4) 
C(13)-N(3)-Si(2) 127.8(5) C(25)-N(5) —In � 94.7(5) 
C(25)-N(5)-Si(3) 129.8(6) Si(l)-N(l) - In(l) 134.5(3) 
Si(2)-N(3)-In(l) 136.1(3) Si(3)-N(5) - In(l) 135.2(4) 
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23.3 REACTIVITY STUDIES 
1. Reaction of Compound 3 with a Lithium Anilide 
We anticipated that replacement of the chloride ligand in 3 by other ligands 
may yield the corresponding mixed—ligand complexes. The first reaction we have 
studied is outlined in Scheme 2-5. Compound 3 was reacted with 
Li(NHAr^'0(TMEDA) in THF to give the Al(III) trisamido compound 6. The 
product was isolated as colorless crystals in 40% yield from a toluene/hexane (5:1) 
solvent mixture. 
N 
乂 CI SiBu'Me2 ^ ^ " ' T n ,SiBu^Me2 
/ Z 、 「 1 THF’r.t” 12h / N . | ^ N 
“ n tJ' NHLi(TMEDA) ,, ^ U \=J MeaBu^Si / � 丨 MesBi/Si ) 
3 6 40 % 
Scheme 2-5 
2. Reaction of Compound 3 with a Lithium Aryloxide 
Reaction of Compound 3 with LifOAr'^ "^) (Ar�咖�=C互H^BI^—2,4) 
We have further envisaged that substitution of the chloride ligand in 3 by an 
aryloxide group may lead to the corresponding aryloxide complex. 一 As shown 
in Scheme 2-6’ treatment of compound 3 with one molar equivalent of L i ( O A r — i n 
THF gave compound 7. 7 was recrystallized from hexane as colorless crystals in a 
moderate yield (50%). 
Bu' 
U CI ,S�丨 Bu(Me2 I / > ^ S i B u ' M e , 
/ "N、jLzN\ THF, r.t, 12h� 产 n I N 
t ” W / OLi N N 7 
Me2BuSi Me^Bu'Si 
3 7 50 % 
Scheme 2-6 
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Attempted Reactions of Compound 3 with Li(BHT) 
Attempted substitution of the chloride ligand in 3 with the more bulky 
:BHT]- ligand has been unsuccessful (Scheme 2-7). Treatment of 3 with Li(BHT) 
in refluxing THF for 1 hour afford colorless crystals, which was confirmed by H^ 
NMR and X-ray crystallography to be the starting materials. It is believed that the 
BHT]~ ligand may be too bulky to react with 3. 
^ CI S�旧U�ME2 1 
4 " N ^ L Z N � IF 1 THF. reflux. 1 h 




3. Attempted Reduction of Compound 3 with Potassium Metal 
The reduction of a solution of 3 in THF, in the absence of light, with excess 
potassium metal for 2 days gave a dark red solution. Removal of all the volatiles 
from the solution in vacuo gave a red solid, which has been characterized by EPR 
spectroscopy and L-SIM mass spectrometry (Scheme 2-8). The EPR spectrum 
(measured at 77 K) showed an isotropic signal centered at g ~ 2.0.^  A similar EPR 
data was reported for the reduction of the Ga(III) alkyl [GaCl{C(SiMe3)2(2—Py)}�] 
with Na/K alloy in THF. ‘ ^  The L-SIM mass spectrum showed fragmentation peaks 
due to [A1(l1)2]2+ at m/z = 938 (3%), [A1(l1)2]+ (469, 100%). 
本 The EPR spectrum was recorded at 77 K at 9.4380 GHz with 100 kHz modulation frequency, 1.00 
G modulation amplitude and a sweep width of 150 G. 
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Excess K 
M THF,r.t.,2days^� 八�ed glassy solid 




4. Other Attempted Reactions for Compound 3 
Attempted reactions of compound 3 with LiAlH4, AgBF4 or NaBH4 were 
unsuccessful. The resulting reaction mixtures became turbid upon concentration, 
and attempted isolations of the products from the reaction mixtures have been 
unsuccessful. Reactions of compound 3 with methyllithium or sodium 
/er^-butoxide afforded, respectively, a yellow or orange intractable oil, which 
remained uncharacterized. 
5. The Ring-Opening Polymerization of 8-Caprolactone 
Alkoxide, ketiminate and thiolate complexes of aluminum have been shown 
to be efficient initiators for the ring-opening polymerization of heterocyclic 
monomers such as lactides^ "^^ ^ and l a c t o n e s . I n this context, the reactivity of 
compounds 3 and 7 as initiators towards the ring-opening polymerization of 
8-caprolactone has been investigated in our studies. Under a monomer-to-initiator 
ratio of 400:1，the percentage yields of polycaprolactone obtained were found to be 
low, namely 25% and 5% for compound 3 and 7, respectively.^ These results 
suggest that both compounds 3 and 7 are not active towards the ring-opening 
polymerization of e-caprolactone. 
^ All the polymerization reactions were carried out in THF solutions at 25 with 2.5 h and 4 h for 
compounds 3 and 7，respectively. 
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2.3.3.1 Physical Characterization of Compounds 6 and 7 
Compounds 6 and 7 have been characterized by H^ and ^^ C NMR 
spectroscopy, mass spectrometry (E. 1. 70 eV), elemental analysis, and melting-point 
measurement, in addition to single-crystal X-ray diffraction studies 
The H^ and ^^ C NMR spectral data for compounds 6 and 7 are listed in Table 
2-1. The H^ NMR spectra of both compounds showed two singlet resonances at 
0.18-0.31 ppm, which are assigned to the two Me substituents of the SiBu'Me� 
group. The two singlet signals suggest that the two prochiral Me substituents on the 
SiBu^Me2 group are magnetically nonequivalent due to the presence of a chiral metal 
center. The tert-huiyX substituent appears as singlet at 1.06 and 1.07 ppm, 
respectively, for compounds 6 and 7. The 6-Me group of the pyridyl moiety occurs 
as a singlet at 2.18 (for 6) and 0.98 ppm (for 7). One set of three resonances at 
5.86-6.96 ppm correspond to the pyridyl protons. According to the same reasoning 
we have described on page 22, the pyridyl proton, which is located at the para 
position to the pyridyl nitrogen, is located at the most down-field position, whilst the 
one adjacent to the 6-Me group is the most up-field. For compound 6, the 
resonance signals at 1.92 ppm and 6.78-7.01 ppm are assigned, respectively, to the 
two Me substituents and the aryl protons of the [NHAr�她 l igand. For compound 7, 
the two singlet signals at 1.31 and 1.57 ppm are due to the tert-hutyl groups of the 
tBu 
[OAr ligand, and the three resonances at 6.45-7.50 ppm are due to the aromatic 
protons of the same ligand. The ^^ C NMR spectra of compounds 6 and 7 are 
unexceptional. The low intensity signals in compounds 6 and 7 of the quaternary 
carbon in the C5H4N moieties are due to their slow relaxation rate. 
The mass spectrum of compound 6 showed a molecular ion peak [M]+ at m/z 
=589 (5%). Other fragmentation peaks have been assigned to [M—Bu勺 + (532, 3%), 
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[M-Ar似�NH]+ (470, 100%), [L^ ]"" (222, 23%), [L^-Bu^ (165, 56%), [Ar似�NH^ 
(120，86%), and [Ar她啊H-Me]+ (106, 85%). 
Compound 7 showed a molecular ion peak [M]+ at m/z�二 674 (1%) and other 
fragmentation peaks at [M-Bu^ (617, 1%), [M-OAr '彻 (469, 56%), [L�].(222, 
32%), [0Ar_2]+ (206, 83%), [ L - B u ^ (165, 100%), and (149, 38%). 
Results of elemental analysis of compound 7 were not consistent with its 
empirical formula. This may due to the high sensitivity of the compound towards 
air and moisture. 
2.3.3.2 Molecular Structures of Compounds 6 and 7 
1. Molecular Structure of Compound 6 
The molecular structure of compound 6 with the atom numbering scheme is 
depicted in Figure 2-4. Selected bond lengths (A) and angles (deg) are listed in 
Table 2-5. 
The compound crystallizes in a monoclinic crystal system with the space 
group P2\/n. Compound 6 is monomeric in the solid state. The aluminum metal 
center is bound by a pair of A ,^7V'-chelating L/ ligands. Coordination of an [ArNH]" 
ligand results in a distorted trigonal bipyramidal structure, with the amido nitrogens 
N(l), N(3) and N(5) defining the trigonal plane [sum of bond angles = 359.91�]. 
The two pyridyl nitrogens, N(2) and N(4), occupy the axial positions with 
N(2)-A1(1)-N(4)�二 169.1(1)0. 
The amido nitrogen atoms [N(l) and N(3)] have a nearly trigonal planar 
geometry with the sum of bond angles of 357.94° (av). The Al-Namido bond 
distances of 1.924(2) and 1.943(2) in 6 are slightly longer than that of 1.906(3) A in 
3, and much longer than those of 1.791(4)-1.801(4) A in [AlCNPr^s],^^ 
1.804(2)-1.809(2)人 in [Al(Mes){N(SiMe3)2}2],2i 1.78(2) A in [Al{N(SiMe3)2}3],'^ 
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1.816(8)人 m [乂lCl2{N(SiMe3)(8-C9H6:k)}],35 and 1.840(7)—1.844(7)人 m 
[A1C1{NH(8-C9H6N)}2] However, the Al-Namido distances of 1.964(8)-1.999(9) 
人 in [A1{N(2-Py)2}3]34 are longer than the corresponding distances in 6. 
The bond distances of Al-Npyndyi of 2.011(2) and 2.026(2) A in 6 are 
marginally longer than that of 2.000(3) A in 3. They are longer than those of 
1.91(2)-1.93(2) A in the alkylaluminum cation [Al{C(SiMe3)2(2-Py)}]+.76 
However, they are shorter than the corresponding distances of 2.018(9)-2.12(1)人 in 
[A1{N(2—Py)2}3],34 and 2.226(3) A in [AlMe2{^-NH(CH2-2-Py)]2.^^ 
The Al-Naniiido distance of 1.822(2)人 is somewhat similar to the 
corresponding distances of 1.827(2)—1.833(2) A in [AlH(NHAr''^''02(NMe3)]and 
1.823(2)-1.840(2) A in [Al(NHAr'.尸。)3(Me3N)].49 They are longer than those of 
1.788(6) in [Al{Ph(Mes)2-2,6}(NHAr'尸厂2)2]，48 1.794(4) and 1.795(3) A in 
[Al(Mes*)(NHPh)2],52 and 1.801(3)-1.809(3)人 for the terminal Al-Namiido distances 
in [ A l H ( N H A r ' 扑 N H A r H o w e v e r , they are shorter than that of 1.883(8) 











































Table 2—5. Selected Bond Distances (A) and Angles (deg) for Compound 6. 
[A1(L1)2(NHA产(6) 
Al(l)-N(l) 1.943(2) Al(l)-N(2) 2.026(2) 
Al(l)-N(3) 1.924(2) Al(l)-N(4) 2.011(2) 
Al(l)-N(5) 1.822(2) C(l)-N(l) 1.368(3) 
C(13)-N(3) 1.371(3) C(25)-N(5) 1.396(3) 
N(1)-A1(1)-N(2) 68.49(9) N(l) - Al(l)-N(3) 109.4(1) 
N(1)-A1(1)-N(5) 123.6(1) N(2) - Al � —N ( 4 ) 169.1(1) 
N(2)-A1(1)-N(5) 91.6(1) N(3) - Al(l)-N(4) 68.76(9) 
N(3)-A1(1)-N(5) 126.9(1) N(4) - Al(l)-N(5) 99.2(1) 
A l ( l ) -N( l ) -C( l ) 92.6(1) Al( l)-N(l)-Si( l) 138.9(1) 
Al(l) - N(3) - C(13) 92.7(1) Al(l)-N(3) - Si(2) 139.8(1) 
A l � —N ( 5 ) - C ( 2 5 ) 133.0(1) C(l)-N(l) - Si(l) 125.9(1) 
C(13)-N(3)-Si(2) 126.0(1) 
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2. Molecular Structure of Compound 7 
The molecular structure of compound 7 with the atom numbering scheme is 
depicted in Figure 2-5. Selected bond lengths (A) and angles (deg) are listed in 
Table 2-6. Compound 7 belongs to a monoclinic crystal system with the space 
group P2\lc. Disorder was observed on C(21) and C(37) of the tert-hutyX groups. 
The five—coordinate compound crystallizes in a monomeric unit with one 
aryloxo and two amido ligands coordinating to the metal center, forming a distorted 
trigonal bipyramidal geometry. The two L^  ligands bind to the Al(III) center in a 
A ,^A '^-chelating fashion. The trigonal plane is defined by the two amido nitrogens 
:N(1) and N(3)] and the oxygen atom 0(1) [sum of bond angles = 359.9°]. The 
axial positions are occupied by the two pyridyl nitrogens N(2) and N(4) with 
N(2)-A1(1)-N(4) - 169.7(2)�. 
The amido nitrogen atoms [N(l) and N(3)] have a nearly trigonal planar 
geometry with the sum of bond angles of 359.45° (av). The bond distances of 
Al-Namido in 7 [1.903(4) and 1.921(5) A] are somewhat similar to those of 1.906(3) A 
in 3. These are longer than those of 1.791(4)—1.801(4)人 in [Al(NPr'2)3],2i 1.804(2) 
and 1.809(2) A in [Al(Mes){N(SiMe3)2}2],22 1.78(2) A in [Al{N(SiMe3)2}3],20 
1.816(8)人 in [AlCl2{N(SiMe3)(8-C9H6N)}],^^ and 1.840(7)-!.844(7)人 in 
[AlCl {NH(8-C9H6N) } 2] .34 However, they are shorter than those of 
1.924(2)—1.943(2) A in 6, and 1.964(8)—1.999(9) A in [A1{N(2-Py)2}3].^^ 
The Al-Npyridyi distances of 2.009(5) and 2.014(5)人 in 7 are similar to those 
of 2.011(2) and 2.026(2) A in 6, and 2.000(3) A in 3. They are slightly shorter than 
those of 2.018(9)—2.12(1) A in [A1{N(2—PyMs], and much shorter than that of 
2.226(3)人 in [AlMe2{|i-NH(CH2-2-Py)]2.^^ However, they are longer than those 
of 1.91(2) and 1.93(2) A reported for the alkylaluminum cation 
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[Al{C(SiMe3)2(2-Py)}]+.76 
For the Al(l)-0(1) bond distance in 4, namely 1.713(4) A, is longer than 
those of 1.648(7) A in the three-coordinate [Al(BHT)3],6o 1.682(1)—1.702(1) A in 
[AlBu�父 DBP)2],68 1.685(2)-! .686(2) A in [Al(OAr�她•2(|^-0Ar�她 2)]2,68 
1.685(2)-1.687(2) A in [AlMe(BHT)2],57 and 1.699(2) A in the ether—adduct 
[AlCl2(0Mes*)(Et20)].65 These are somewhat similar to those of 1.702(4)-1.711(3) 
人 in [Al(OAr''%)3(Py)],62 but slightly shorter than that of 1.722(7) A in 
[AlMe(OMes)2(3,5—Me2Py)].62 It is shorter than those of 1.749(5) A in 
[AlEt2(BHT)(MeC6H4C02Me)],^^ and 1.740(4)人 in [AlMe2(BHT)(Py)].62 
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#C37 
Figure 2 - 5 . Molecular Structure of [Al(L^)2(OAr 出 ( 7 ) . 
45 
Table 2-6. Selected Bond Distances (A) and Angles (deg) for Compound 7. 
[ A l ( L i ) 2 ( O A r , (7) 
Al(l)-N(l) 1.921(5) Al(l)-N(2) 2.014(5) 
Al(l)-N(3) 1.903(4) Al(l)-N(4) 2.009(5) 
Al(l)-0(1) 1.713(4) C(l)-N(l) 1.366(6) 
C(13)-N(3) 1.368(6) C(25)-0(l) 1.337(6) 
N(1)-A1(1)-N(2) 68.7(2) N(l) - Al(l)-N(3) 111.4(2) 
N(2)-A1(1)-N(4) 169.7(2) N(3) - Al(l)-N(4) 68.7(1) 
Al( l ) -N(l)-C( l ) 91.8(4) Al(l)-N(l)-Si(l) 140.4(3) 
Al(l)-N(3)-C(13) 92.8(3) Al(l)-N(3) - Si(2) 141.9(3) 
Al � - 0 ( 1 ) - C(25) 144,1(4) C(l)-N(l) - Si(l) 127.1(4) 
C ( 1 3 ) - N ( 3 ) - S i ( 2 ) 124.9(4) 0(1) - Al(l)-N(3) 122.4(2) 
0(1)-A1(1)-N(1) 126.1(1) 0(1)—Al(l) —N(2) 97.0(2) 
0(1)-Al(l) - N(4) 93.2(1) 
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2.4 EXPERIMENTALS FOR CHAPTER 2 
Materials 
Anhydrous AICI3, GaCla, InCls, 2-amino~6—picoline and 
^er^-butyldimethylsilyl chloride were purchased form Aldrich and used as received. 
Tetramethylethylenediamine was purchased from Acros and was distilled 
over sodium under a dinitrogen atmosphere before use. Commercially available 
2,4-dWer^-butylphenol was purified by recrystallization from hexane and 
2,6-di-methylaniline was distilled over potassium hydroxide under a reduced 
pressure before use. [HL ]^ (1) and [Li(L^)TMEDA] (2) were prepared as 
described. 
Synthesis of Compounds 
Synthesis of [A1C1(L )^2] (3). 
A solution of 2 (1.71 g, 4.95 mmol) in diethyl ether (40 mL) was slowly 
added to a suspension of AICI3 (0.33 g, 2.47 mmol) in diethyl ether (30 mL) at 0 °C. 
The reaction mixture was further stirred at room temperature for 12 h. It was 
filtered, and its volume was reduced to approximately 10 mL under reduced pressure 
to give compound 3 as colorless crystals. Yield: 0.76 g (61%). Mp: 180 °C 
(darkened), 221-225�C (dec.). MS (EI, 70 eV): m/z (%) 504 (2) [M]+, 447 (88) 
[M-BUT, 411 (7) [A1L^2-BUT, 222 (10) [L^]^, 165 (100) [L^-BUT- ^H NMR (300 
MHz, CeDe)： 5 6.88 (dd, J= 7.4 and 8.6 Hz, 2H, C5H3N), 6.37 (d, J = 8.6 Hz, 2H, 
C5H3N), 5.92 (d, J = 7.4 Hz, 2H, C5H3N), 2.45 (s, 6H, CH3), 1.00 (s, 18H, SiBu), 
0.19 (s, 6H, SiMez), -0.11 (s, 6H, SiMe�). NMR (75 MHz, CgDg): 8 167.2, 
153.9，141.3, 111.5, 108.7 (C5H3N), 27.5 (SiCMej), 22.0 (Me), 20.5 (SiCMes), -3.34 
(SiMe2). Anal. Found: C, 55.99; H, 8.55; N, 11.41%. Calc. for C24H42AlClN4Si2：�
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C, 57.06; H, 8.38; N, 11.08%. 
Synthesis of [GaCl(L^)2] (4). 
To a stirring suspension of GaCls (0.43 g, 2.47 mmol) in diethyl ether (20 mL) 
was slowly added a solution of 2 (1.70 g, 4.93 mmol) in diethyl ether (40 mL) at 0 
°C. The resulting solution was stirred at room temperature for 12 h. It was 
filtered, and the filtrate was concentrated under reduced pressure. Compound 4 was 
obtained as colorless crystals upon standing the solution at room temperature for 1 
day. Yield: 0.47 g (35%). Mp: 172-177 MS (EI, 70 eV): m/z (%) 548 (1) 
[M]+, 491 (36) [M-BUT, 453 (7) [GaL^2-BuT, 165 (100) [L^-Bu^. H^ NMR 
(300 MHz, CeDe)： 5 6.90 (dd, J = 7.2 and 8.4 Hz, 2H, C5H3N), 6.36 (d, J= 8.4 Hz, 
2H, C5H3N), 5.97 (d, J= 12 Hz, 2H, C5H3N), 2.40 (s, 6H, CH3), 0.99 (s，18H, SiBu)，�
0.10 (br, 12H, SiMe2). NMR (75 MHz, CeDe): 5 165.5 154.0, 140.8, 111.8, 
108.1 (C5H3N), 27.4 (SiCMej), 21.8 (Me), 20.5 (SiCMes), -3.34 (SiMe�). Anal. 
Found: C, 51,27; H, 7.46; N，10.13%. Calc. for C24H42GaClN4Si2： C, 52.61; H， 
7.73; N，10.22%. 
Synthesis of [Iii(L^)3] (5). 
To a suspension oflnCls (2.31 g, 1.04 mmol) in diethyl ether (20 mL) at 0 °C 
was slowly added a solution of 2 (1.08 g，3.13 mmol) in diethyl ether (50 mL). The 
reaction mixture was stirred at room temperature for 20 h. After filtration, all the 
volatiles were removed in vacuo. Colorless crystals of the title compound were 
obtained from a toluene/hexane (1:5) solvent mixture. Yield: 0.44 g (54%). Mp: 
2 8 8 � C (darkened), 299-302�C (dec.). MS (EI, 70 eV): m/z (%) 557 (50) [1x11^ ]+, 
499 (5) [InL^2-BuT. H^ NMR (300 MHz, CgDe): 5 6.94 (dd, J = 6.9 and 8.4 Hz, 
2H, C5H3N), 6.49 (d, J二 8.4 Hz, 2H, C5H3N), 5.95 (d, J = 6.9 Hz, 2H, C5H3N), 1.90 
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(s，6H, CH3), 0.85 (s, 18H，SiBu), 0.50 (s, 6H, SiMe〗)，0.48 (s, 6H, SiMe�). 
NMR (75 MHz, CeDe): 5 165.7, 153.7, 139.5, 110.2, 109.7 (C5H3N), 27.0 (SiCMej), 
21.5 (Me), 21.1 (SiCMes), -0.95 (SiMez), -2.23 (SiMe�). Anal. Found: C，56.07; H, 
8.59; N, 10.45%. Calc. for CselfelnNeSis: C, 55.51; H，8.15; N, 10.78%. 
Synthesis of [A1(l1)2(NHA严)](6). 
To a solution of Ar'^ '^ NHz (0.48 g, 4.01 mmol) and TMEDA (0.6 mL, 4.01 
mmol) in diehyl ether (30 mL) at 0 °C was added dropwise a solution of LiBu" in 
hexanes (3.0 mL, 1.6 M，4.81 mmol). The resulting pale yellow solution was 
stirred at room temperature for 4 h to give Li(NHAr^'0(TMEDA) as yellow 
micro-crystals. Yield: 0.80 g (82%). H^ NMR (300 MHz, CeDe): 5 7.15 (m, br, 
2H, C6H3), 6.59 (t, J= 12 Hz, IH, Cells), 2.26 (s, br, 6H, MejCeHb)，1.79 (s, br, 12H, 
NMei), 1.72 (s, br, 4H, NCH2). 
A solution of Li(NHAr似iTMEDA) (0.80 g, 3.29 mmol) in THF (40 mL) 
was added to a solution of 3 (1.66 g, 3.29 mmol) in THF at (30 mL) 0 After the 
addition has completed, the resultant pale yellow solution was stirred at room 
temperature for a further period of 12 h. All the volatiles were removed in vacuo. 
The residue was extracted with toluene (50 mL) and the solution was filtered. 
Compound 6 was obtained from a toluene/hexane (5:1) mixture as colorless crystals. 
Yield: 0.78 g (40%). Mp: 185-189�C. MS (EI, 70 eV): m/z (%) 589 (5) [M]+, 
532 (3) [M-BUT, 470 (100) [M-Ar她啊H]+, 222 (23) [L^]^ 165 (56) [L^-Bu^, 120 
(86) [Ar她^NHf, 106 (85) [Ar她啊H—Me]+. H^ NMR (300 MHz, CeDe): 5 7.01 (d, 
J= 11 Hz, 2H, C6H3), 6.91 (dd，J二 7.4 and 8.6 Hz, 2H, C5H3N)，6.78 (t, J= 7.4 Hz, 
IH, C6H3), 6.41 (d, 8.6 Hz, 2H, C5H3N), 5.86 (d, 12 Hz, 2H，C5H3N)，2.18 (s, 
6H, MeCsHsN), 1.92 (s，6H,她2C6H3)，1.06 (s, 18H, SiBu), 0.24 (s, 6H, 
SiMe2), —0.18 (s, 6H, SiMe?). NMR (75 MHz, CeDe): 6 168.2, 154.4，141.1, 
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110.5, 109.0 (C5H3N), 150.7，129.3, 128.4, 118.0 (C6H3), 27.7 (SiCMe》，21.7 
(MeCsHsN), 20.5 (SiCMe3),19.4 (MezCsH〗)，—3.04 (SiMez), -3.78 (SiMe�). Anal. 
Found: C, 65.15; H, 8.90; N, 12.12%. Calc. for CssHszAlNsSi〗：C, 65.15; H, 8.88; 
N, 11.87%. 
Synthesis of [Al(L^)2(OAr'^"0] (7). 
A solution of LiBu" in hexanes (2.5 mL, 1.6 M, 4.07 mmol) was added 
dropwisely to a solution of (0.72 g, 3.39 mmol) in diethyl ether (30 mL) at 
0 The resulting pale yellow solution was stirred at room temperature for 4 h to 
give the lithium aryloxide Li(OAr as colorless crystals, which were recrystallized 
from toluene. Yield: 1.07 g (80%). Mp: 302-306 H^ NMR (300 MHz, 
C6D6): 57.47 (d, 2.7 Hz, IH, CeHs), 7.03 (t,J= 6.75 Hz, 2H, CeHs), 2.11 (s, 6H, 
MeCeHsX 1.55 (s, 9H，CBu), 1.30 (s, 9H, CBu). 
A solution ofLi(OAr'^"0 (1.07g, 2.71 mmol) in THF (40 mL) was added to a 
solution of 3 (1.37 g, 2.71 mmol) in THF (30 mL) at 0 °C. The resulting pale 
yellow solution stirred at room temperature for 12 h. All the volatiles were 
removed in vacuo. The residue was extracted with toluene (50 mL) and filtered. 
Compound 7 was obtained as colorless crystals from hexane. Yield: 0.92 g (50%). 
Mp: 1 5 4 � C (darkened), 181-186�C (dec.). MS (EI, 70 eV): m/z (%) 674 (1) [M]+, 
617 (1) [M-BUT, 469 (56) [M—OAR'彻2]+, 222 (32) [L^]^ 206 (83) [OAR'^"^^ 165 
(100) [lLBUT ,149 (38) H^ NMR (300 MHz, CeDg): 57.50 (d, J = 
2.6 Hz, IH, C6H3), 6.96 (dd, 7.5 and 8.4 Hz, 2H, C5H3N), 6.93 (dd, 2.6 and 
8.4 Hz, IH, C6H3), 6.49 (d, J = 8.1 Hz, 2H, C5H3N)，6.45 (d,J= 8.7 Hz, IH, CgHs), 
5.94 (d, J = 8.1 Hz, 2H, C5H3N), 1.57 (s, 9H, CBu), 1.31 (s，9H, CBu), 1.07 (s, 18H, 
SiBu'), 0.98 (s, 6H, MeCsHsN), 0.31 (s，6H，SiMe〗)，-0.08 (s, 6H, SiMe�). 
NMR (75 MHz, CeDe): 5 167.8, 157.1, 141.3, 110.9，108.7 (C5H3N), 139.4, 137.5, 
50 
137.3, 123.6, 123.1，120.2 (C6H3), 35.3 (MesCCeHs), 34.3 (MesCCgHs), 32.1 
( 她 3CC6H3), 30.5 (MesCCeHs), 27.7 (SiCMej), 22.1 (MeCsEbN), 20.5 
(SiCMes), —3.27 (SiMe〗)，-3.45 (SiMe2). Anal. Found: C，66.69; H, 9.46; N, 8.28%. 
Calc. for C38H63AlN40Si2： C, 67.61; H, 9.41; N, 8.30%. 
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CHAPTER 3. 
A SILYL-LINKED DIAMINE COMPOUND AND ITS 
METAL COMPLEXES 
3.1 A GENERAL INTRODUCTION TO DIAMINE 
COMPOUNDS 
The studies of metal complexes derived from chelating amido ligands of the 






N 0 N 0 
R R 
X = alkyl, aryl or silyl groups 
R = alky or aryl groups 
Chart 3-1 
By virtue of their intrinsic chelating feature, these ligands enhance the 
stability of the corresponding metal complexes. Some metal complexes derived 
from these ligands are found to be highly active towards olefin polymerization. In 
the past decades, much efforts have been devoted to develop non-metallocene 
systems in olefin polymerization. Chelating bisamido ligands, therefore, have 
received particular attentions. Some representative examples of bisamido ligands 
are illustrated in Chart 3— 
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Bu' SiMe3 SiPr^ 3 ^� 严Bu'Me? 
ME2SI� |P K A ^ G W A N © " ^ Y ' ^ N © 
SiMea SiPr'a SiBu^Mes 
p , . 仏 J ^ p ' C C 
/ S i - N ©� 厂N© p / 
P " � � " A . 
Chart 3-2 
An Overview on Metal Complexes Derived from Diamine Compounds 
With these diamine ligands, a number of main-group, early transition metal, 
and户block element compounds have been prepared. 
For main-group bisamido complexes, the mixed-metal bisamido complexes 
[M {Li(THF)2} {NSiMe3(CH2)3NSiMe3} ] (M�二 Ga, In or Tl) have been reported by 
12 
Gade and co—workers. The same research group has also reported the 
mixed-metal/valent bisamido complexes [M"^Tl^ {NSiMe3(CH2)3NSiMe3}2] (M = In 
1，�
or Tl) by employing the same ligand. 
I I 13 
The transition metal bisamides [Ti{NMe(SiMe2)2NMe}2] and 
[zUNAr^'^(Me2SiCH2CH2SiMe2)NAr'^'^}(NMe2)2] (Ar似=C6H3Me2-2,6)7 have 
been prepared by Burger et al. and Gibson et al., respectively (Chart 3-3). The 
Zr(IV) complexes showed a high activity towards ethylene polymerization. 
Me Me Me'^ l^ f'^'^Me 
MezSizN�丁,N�siMe2 
M e 2 s k y � ‘ e 2 l A e R �e W 
Me Me 
R = NMe2, Me 
Burger et a/.""^ Gibson et a / / 
Chart 3-3 
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Power and co-workers have also reported the diamine compound 
=C6H3Pr'2-2，6), and its manganese 
derivative [Mn{NAr'"^'CH2CH2N(H)Ar''^'^}2]/^ 
p T i X , P" 
Power et alV 
Tilley et al. have reported a Y(III) bisamido compound.'^ '^  Although the 
compound was proved to be inactive towards olefin polymerization, it was an active 
olefin hydrosilylation catalyst. 
S�旧 U W 2 
X ^ N ^� 严�
/ Y - M e 
Y V N \ THF 
Tilley et a/4’5 
I ipr I ip^ 一 
Recently, an ionic Lu(III) bisamido compound [Lu{NAr '(CH2)3NAr '}2]~ 
[LuCl2(THF)5]+, was successfully synthesized by Roesky/‘^ 
网 O O . 
. CI T H F . p^ J r N r；�
L tr— p�力 _ 
Roeskyi4 
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Silyl—Linked Diamine Compounds 
Silyl—linked diamine compounds of the type R2Si(NHR')2 (R and R' = alkyl 
or aryl groups) (Chart 3-4) have been extensively studied since the 
They have been used as ligand precursors for the synthesis of the corresponding 
main-group and transition metal derivatives. 
R, 
R '二�
R � � � N H 
I 
R, R, R' = alkyl or aryl groups 
Chart 3 4 
The diamine compound Me2Si(NHSiMe3)2^ '^^ ^ was prepared by Brewer and 
Haber in 1948. The preparation of its lithium, sodium, and potassium derivatives 
has been reported by Burger and co-workers/^ However, only the trimeric 
disodium derivative [Na2{{N(SiMe3)}2SiMe2}]3 has been successfully characterized 
by X-ray crystallography/^ The analogous dilithium derivative was used as a 
transmetalling reagent for the preparation of the corresponding Ti(rV) derivative 
[Ti {NSiMe3(SiMe2)NSiMe3}2] (Chart 3-5).^ ^ 
Me2 
MeaSi^  ,3�^SiMeg MegSi SiMe3 
N N I I 
Na^  V / "Na� 八�
y^ Na.A ,SiMe3 Me2Si( \i >iMe2 
/ \ N^a / \ \ | Z \ / 
Me3Si' 'siMea MegSi SiMe? 
Burger et a/.""®'^ ® 
Chart 3-5 
The analogous diamine compound Me2Si(NHBu% and its lithium derivative 
were reported by Fink in 1964.^ ^ The structure of the lithium derivative was later 
confirmed by X-ray crystallography to be a tetranuclear compound.^� 
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Bu\ , . BlZ 
/ N Q A � N ' \ 
MesSi^  y /\ SiMe2 
Bu" L' BL/ 
Burger et al^^ 
By employing this ligand, several main-group metal bisamides, namely 
[ 知 NBu�乂 SiMe2)TW}2] (Chart 3-6),^ ^ [In(Me) {NBu (SiMe2)NBu'}]2 (Chart 
3—6),24 and [义ICI2 {NBu'(SiMe2)N(H)Bu'}严 were reported by Veith and co-workers. 
Bl/ Bi/ Bu( 
人 入 Me A 广 ’ 
Me2Si� Sn SiMe? y \ \ / D t Me N N Bu —N N 
BI/ B'U^  \ R 
Me2 
Veith et a/.23’24 
Chart 3-6 
The transition metal complexes, 
u }2] (M = Ti, Zr) were 
reported by Burger and co-workers. These compounds have been shown to be 
monomeric in the solid state. Later, Jones et al. have prepared the monomelic 
dichloro Ti(IV) compound [TiCh{NBu乂SiMe2)lW}] (Chart 3-7)?^ 
i I 
N N ^ 
MeaSi^ ' \ ( \iMe2 .. q / 
\ / Me2Si\ 7 � C | 
I, I, ^^  
M = Zr, Ti 
Burger et a}}^ Jones et al.^^ 
Chart 3-7 
Recently, Passarelli et al. have reported the synthesis of a Zr(IV) monoamido 
compound zlr(NMe2)3 {NBu^(SiMe2)lk(H)Bu^}, and a bisamido compound 
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Zv {NPr'(SiMe2)NPr'} 2]尸 The latter compound has been successfully 
characterized by X-ray diffraction analysis. 
By using the sterically more hindered aryl substituent Mes (Mes = 
C6H2Me3—2,4,6), Power and co-workers have reported the silyl diamine 
[Me2Si{NH(Mes)}2] and its dilithium derivative [Li2{{N(Mes)}2SiMe2}]2 u 
八 / ^ 
MEZSI^  ^LI—7N 
N-—LiC^ S^iMe2 
Power et alV 
The closely related diamine compounds 
Pli2Si(NHAr她2)27 were reported by Hill et al. and Gibson et aL, respectively. The 
dilithium derivative [Lii {(NAr'^'"OiSiMeiHi,^ as well as the Zr(IV) analogues 
[ZvCh {NAr�孙�SiMe2)I^Ar�肝(THF)2]6 and [Zr{NAr^'^(SiPh2)NAr^'^}(NMe2)2-
(NHMe2)]7 have also been synthesized (Chart 3-8). 
P" p" pH�八 PLthf� 八 广 2 
MezSk > < x A , /SiMes MezSL Zr^ f PhsSi：^ Zr—NHMeo 
M — ^ L i ^ N \ / M IH卜 \ / \ 
P r j / N CI N NMe2 
Hill et a/.6 Gibson et alJ 
Chart 3-8 
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3.2 A GENERAL INTRODUCTION TO MIXED ALKALI 
METAL AMIDES 
Mixed organoalkali base was first observed by Wittig in the mid-1950's on 
the synthesis of an ill-defined "diphenyllithium sodium" complex, which has an 
outperformed nucleophilic reactivity towards benzophenone over normal 
9 R 
phenyllithium. Later, Schlosser has recognized that organo-bases containing a 
mixture of lithium and potassium or sodium reagents can enhance the deprotonating 
power of these compounds, surpassing that of conventional organolithium reagents. 
They were known as "superbases" and were widely utilized in organic synthesis. 
However, the nature and structure of the reactive species in solution still remain 
controversial. 
The preparation and molecular structure of the mixed alkali metal 
organonitrogen complex [LiNa3{0=P(NMe2)3}3{N=C(NMe2)2}4] was first reported 
n 1 
by Mulvey and co-workers. 
Na N 
(Me2N)2C� / \ / \ 
N\--N::iL^Na�o^P(_e2)3 
N Z \ \ N 
o, a \\ \\c(NMe2)2 
II C(NMe2)2 
(Me2N)3P 
Mulvey et al.^^ 
The structure of [Li4-xNa2+x{N=C(Ph)Bu je] (x � 0 . 3 for the single crystal 
examined广 was reported later by the same research group.^ ^ 
“ I t s fractional stoicheiometry stems from the presence of a complicated series of isostructural 
molecules with mutual substitution disorder of Li and Na. 
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Bu^  Ph 
.Ph 
B u l l P h 
Bi/ 
Mulvey et al.^^ 
They have also reported the preparation and structure of the mixed alkali 
metal amide [LiNa[N(CH2Ph)2]2(OEt)2]2.33 X-ray crystallography revealed that the 
compound consists of a ladder core structure. 
CHzPh CHzPh 
PhH2C\� 丨 “ 
\ /U—N�Na�0Et2 
PhH2C 
Mulvey et al?^ 
Another mixed Li/Na amide, [LiNa(NHBu%(TMEDA)]2, was reported by the 
same research group in 1998.34 
D, f H H�/ 
B U \ ' L i — N \ 
/^N-LL，一丁MEDA 
zNa I�尸 N�h 
TMEDA Bu g^ f 
Mulvey et a/.34 
In 1991, Willard et al have reported the synthesis and structures of the mixed 
alkali metal bis(trimethylsilyl)amides [M^M^{N(SiCH3)2}2(THF)3] (M^ = Li and M^ 
二 Na or K; M^ = Na and M^ = K).^ ^ 
HgCSi SiCHg 
N M2 
THF—MZ Li K THF M M � 丁 HF . 
Li Na 
H^Cs/ \iCH3 Na K 
Willard et al.^^ 
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3.3 AIMS OF OUR STUDIES 
In recent years，the chemistry of chelating amido ligands (Chart 3-1) has 
received much attention, particularly in the development of non-metallocene 
catalysis. These "pincer-type" ligands have been shown to stabilize the 
corresponding metal complexes via a chelating effect. 
Recently, a number of main-group, transition metal, and y-block element 
compounds derived from the monoanionic 2-pyridyl amido ligands of the type 
[NR(2-C5H3N-6-Me)]" (R = SiBu'Me� or SiBu'Phi) have been reported by our 
research group.^^^ As our continuing studies towards chelating 2-pyridyl amido 
ligands, we report herein a new diamine compound [Me2Si{NH(2-Py)}2] and its 
alkali metal derivatives. Moreover, the preparation and structure of an iron(II) 
amido complex derived from this ligand are also described. 
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3.4 SYNTHESIS AND STRUCTURES OF [ME2SI{NH(2-PY)}�] 
AND THE CORRESPONDING ALKALI METAL AMIDES 
3.4.1 SYNTHESIS AND STRUCTURE OF [Me2Si{NH(2—Py)}�] (HL!) (8) 
The ligand precursor [HL ]^ (8) was prepared according to the procedure as 
outlined in Scheme 3-1. 
力 V 
N NH2 1.2 equiv. LiBu" ^ N NHLi 0.5 equiv. ClzSiMez Me. ^ ^ N Me. / N Me 
II T I >i\ + >i\ > ( 
Et20, r.t., 4 h Et20, r.t., 12 h Me^ \ 丨 N M e , ^ M e 
6 
8 70% 9 15% 
Scheme 3-1 
Lithiation of 2-aminopyridine with one equivalent of LiBu" in diethyl ether 
followed by quenching of the reaction mixture with 0.5 molar equivalents of 
dichlorodimethylsilane afforded compound 8 as colorless, needle-shaped crystals in 
70% yield. Compound 9 was isolated as a side product in 15% yield. 
A proposed mechanism for the formation of the dimer is showed in Scheme 
3-2. One plausible mechanism involves the direct reaction of 8 with CliSiMci to 
form the coupling product 9. On the other hand, lithiation of 8 by LiBu" in the 
reaction mixture may afford the corresponding lithium amide, which further reacts 
with Cl2SiMe2 to form compound 9. The reactions of Me2Si(NRLi)2 (R = SiMes or 
Bu) with Cl2SiMe2 to give the corresponding monocyclic amide of the type 




Me HN^N O 
T 
8 M e � / N Me 
X � S i \ 
LiBu" M e , ^ N Me 
r ^ N � 
M e �， 丄 N � ^ ^ ^ ^ ^ ^ ^ 
M e � i N 丫 N 
Scheme 3-2 
It has been found that the formation of 9 could be suppressed by carrying out 
the reaction in a higher dilution. An increase in volume of the solvent may reduce 
the chance of collision of the reagents to undergo the unfavorable side reaction. 
Compounds 8 and 9 are soluble in common organic solvents but insoluble in 
hexane. Compound 8 has been characterized by H^ and ^^ C NMR spectroscopy, 
mass spectrometry (E. I. 70 eV), elemental analysis, and melting-point measurement, 
in addition to single-crystal X-ray diffraction analysis. 
The H^ and ^^ C NMR spectral data of compound 8 are summarized in Table 
3-1. A molecular ion peak [M+] at m/z = 244 (86%) was observed in the mass 
spectrum of compound 8. Other fragmentation peaks such as [M—Me]+(229, 99%), 
[M-NPy]+ (151, 100%), [SiNPy]+ (121, 40%), [NPy]+ (94, 24%), [Py]+ (78, 8%) and 
[SiMe2]+ (59, 5%) were also observed. Results of elemental analysis of 8 were 
consistent with its empirical formula. 
Compound 9 has been characterized by H^ and ^^ C NMR spectroscopy, mass 
spectrometry (E. 1. 70 eV), and melting-point measurement. The H^ and ^^ C NMR 
spectral data for compound 9 are summarized in Table 3-1. A molecular ion peak 
[M+] at m/z = 300 (71%) was observed in the mass spectrum of compound 9. Other 
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fragmentation peaks such as [M—Me]+ (285, 85%), [M-SiMe]+ (244, 84%), 
[M—SiMe2]+ (229, 99), [M—SiNPy]+ (121，40%), [M-SiMeNPy]+ (151, 100%), 
[SiMeNPyf (135, 74%), [SiNPy]+ (121, 73%), [NPy]+ (94, 82%), [Py]+ (78，14%) 
























































































































































































































































































































































































































































































































































































































Molecular Structure of Compound 8 : 
The molecular structure of compound 8 with the atom numbering scheme is 
depicted in Figure 3-1. Selected bond lengths (A) and angles (deg) are listed in 
Table 3-2. Compound 8 crystallizes in an orthorhombic crystal system with the 
space group Pbcn. The Si-Naminebond distance of 1.733(1) A is comparable to that 
of 1.723(4)人 in [Me2Si{NH(Mes)}2].^ ^ It is close to the Si—N distance of 1.73�人�





Y ^ S N I A 
Figure 3-1. Molecular Structure of [Me2Si{NH(2-C5H4N)}2] (8). 
Table 3-2. Selected Bond Distances (A) and Angles (deg) for Compound 8. 
[Me2Si{NH(2-C5H4]N)}2] (8) 
N(l)-C(l) 1.372(2) N(l)-Si(l) 1.733(1) 
N(2)-C(l) 1.338(3) N(2)-C(5) 1.340(3) 
C(l)-C(2) 1.405(3) C(2)-C(3) 1.367(3) 
C(3)-C(4) 1.380(4) C(4) - C(5) 1.360(3) 
Si(l)-C(6) 1.846(2) 
N(l)-Si(l)-C(6) 104.63(9) N(l) - Si(l) - C(6A) 113.49(9) 
N(l)-Si(l)-N(1A) 111.8(1) C(l)-N(l)-Si( l) 129.6(1) 
C(6) - Si(l) - C(6A) 109.0(1) 
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3.4.2 SYNTHESIS AND STRUCTURES OF A L K A L I METAL AMIDES 
i. Synthesis of Sodium Derivatives of 8 
Attempted lithiation of compound 8 with 1.2 molar equivalents of LiBu" has 
been unsuccessful. Only an air-sensitive intractable oil was obtained after the 
reaction. On the other hand, treatment of 8 with 1.3 molar equivalents of NaBu" in 
diethyl ether or toluene yielded the corresponding sodium derivatives 10 and 11, 
respectively (Scheme 3—3). 
1.2 equiv. LiBu" 
• Reddish orange intractable oil 
EtsO, r.t., 4 h 
^ O CL 
J t J N � \ / 广 N ” /Me 
M e � H N八 N , 1.3 equiv. NaBu" Me ' X�丄 OEt? ^si" 
M E X M A H�欢 a 
U M ^ 
8 10 60% 
Me2^N H 
HN—Si—N V N-f \ 
1.3 equiv. NaBu" ( / N—Na-^ / / ^ N a ^ N ^ 
• f ——Na� / 
toluene’ r.t., 4 h ^Me^s/?^^ 
OY� ！ ^ Me. 
11 66% 
Scheme 3-3 
Compound 10 is a dimeric compound with one ether molecule coordinated to 
each sodium metal center while compound 11 was obtained as a toluene solvate. 
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ii. Synthesis of a Mixed Alkali Metal Derivative of 8 
The heterobimetallic amido compound 12 has been prepared by treating two 
molar equivalents of [HI?] (8) with 1.2 molar equivalents of LiBu" and 1.3 molar 
equivalents of NaBu", in the presence of TMEDA, in diethyl ether at room 
temperature (Scheme 3-4). Compound 12 was recrystallized from toluene as 
colorless crystals in 36% yield. 
Me2 
r ^ 1.2equiv. LiBu", \ ^ 
u N i i 1.3 equiv. NaBu", N N >=\ 
Me N 1 equiv. TMEDA / \ \ 
2 Si • TMEDA—Na ,丨 ^ ^ 
M Z ^ h N ^ N Et20,r.t.，4h / \ / ^ n ^ 
U f r “ H � 
^^ Me2 
8 12 3 6 % 
Scheme 3-4 
iii. Attempted Metallation of 8 with KBu" 
M e \� 夕N N , 1.3 equiv. K B u ; [ • 
MeZS'\ N THF’�t ’4h� 广 [ 、 人 • 论 
8 13 30% 
Scheme 3-5 
Treatment of 8 with 1.3 molar equivalents of KBu" in THF gave, 
unexpectedly, the polymeric potassium compound 13. The compound was isolated 
as colorless crystals in 30% yield (Scheme 3-5). 
The 1H NMR spectrum of compound 13 showed only resonance signals due 
to the pyridyl protons and the N-H group. The metallation reaction has been 
repeated in diethyl ether or toluene solution. However, only compound 13 was 
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isolated after the reaction. 
A plausible mechanism for the formation of 13 is illustrated in Scheme 3-6. 
Initial reaction of 8 with KBu" might lead to the corresponding potassium species 
“KL2,,. Subsequent attack of the “KI?” species by the highly nucleophilic KBu" 
might result in the cleavage of the relatively weak Si-N bond付 on the former 
species, leading to the potassium amide 13. 
M e � H N - ^ N ^ deprotonation Me. \ ^N N^ 
\ s i Z + KBu" • 
M e , ^ n ^ N -C4H1� M e , 
8 
Si-N bond cleavage ‘  
-"Me2Si(Bu")(NKC5H4-2)" ^ N NHK 
一 J oO 
13 
Scheme 3-6 
Similar examples of Si-N bond cleavage under mild nucleophilic conditions 
have been reported (Scheme 3-7)^2,43 Si-N bonds have a similar high 
reactivity as chlorosilanes having a Si—CI bond. They are readily cleaved under 
mild nucleophilic conditions. 
\ E-Nu \ 
^N-SiR3 • ,N—E + RgSi—Nu 
Scheme 3-7 
tt The average Si—C bond strength of 320 kJ/mol is comparable to that of S i -N of 335 kJ/mol. 
However, the S i -N bond might be weaker than expected, probably due to a substantial 
delocalization of lone pair electron density from the nitrogen to the pyridyl n orbitals. 
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In conclusion, metallation of 8 with an appropriate organo-alkali metal 
reagent gave the corresponding alkali derivatives of 8. Treatment of 8 with LiBu" 
resulted in an air-sensitive reddish-orange intractable oil, which was uncharacterized. 
The sodium derivatives 10 and 11 were prepared by treating 8 with NaBu" in diethyl 
ether or toluene, respectively. The reaction of 8 with a mixture of LiBu" and NaBu" 
(1:1) in diethyl ether yielded the heterobimetallic complex 12. Attempts to prepare 
the corresponding heterobimetallic Li-K compound were unsuccessful. The 
reaction of 8 with KBu" led to the polymeric potassium amide 13. 
iv. Physical Characterization 
Compounds 10-13 have been characterized by H^ and ^^ C NMR spectroscopy, 
melting-point measurement, and elemental analysis (for 10-12), in addition to 
single-crystal X-ray diffraction analysis. 
The 1h and ^^ C NMR spectral data for compounds 10-13 are listed in Table 
3—1. The 1H NMR spectra of compounds 10-12 show a singlet resonance at 
0.40-0.46 ppm, which is assignable to the two Me substituents of the SiMe� group. 
The amine protons appear as a broad singlet at 4.00-4.05 ppm. The signals of the 
pyridyl protons occur within the range of 6.13-7.82 ppm. Resonance signals due to 
the pyridyl protons were assigned according to the reasoning we have described on 
page 22. The broad resonance signals observed for 12 suggest that fluxional or 
exchange processes may be present for the compound in solution state. Compound 
10 displays two sets of multiplets at 1.21 and 3.26 ppm, which are due to the 
coordinated ether molecules. Compound 11 exhibits a singlet at 2.11 ppm, which 
corresponds to the resonance of toluene molecules. Two sets of multiplets are 
observed for compound 12, which are due to the donor ligand TMEDA. 
Five resonance signals have been observed in the H^ NMR of compound 13. 
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The up-field resonance observed at 3.75 ppm corresponds to the amine proton, 
whereas the other four resonances at 5.87-8.15 ppm are assignable to the pyridyl 
protons. The ^^ C NMR spectra of compounds 10，11, and 13 are normal. For 
compound 12, only three broad resonance signals are observed for the pyridyl 
carbons. 
Satisfactory elemental analysis data could not be obtained for compounds 
10-12 due to the high sensitivity of these compounds towards air and moisture. 
Compound 13 is almost insoluble in all common organic solvents. This renders its 
purification difficult to carry out and, thus, reproducible elemental analysis data 


















































































































































































































































































































































































































































































































































V. Molecular Structures 
1. Molecular Structure of Compound 10 
The molecular structure of compound 10 with the atom numbering scheme is 
depicted in Figure 3-2. Selected bond lengths (A) and angles (deg) are listed in 
Table 3-4. 
Compound 10 crystallizes in a monoclinic crystal system with the space 
group Pc. The compound is dimeric in the solid state, consisting of two 
{L^Na(0Et2)} units. The [NaiNi] structural motif defines a square plane [sum of 
bond angles = 360.0°'. 
Each sodium metal center is coordinated by two amido and two pyridyl 
nitrogen atoms, as well as one ether molecule, forming a distorted square pyramidal 
geometry. The Na-Namido bond distances of 2.459(8)-2.616(8) A are slightly longer 
than those of 2.304(3)-2.601(3) A in [Na2{{N(SiMe3)}2SiMe2}]3,i9 
2.342(4)—2.567(5) A in [{Na(NHBu )^}3(NH2Bu )^]oo,'' and 2.446(4)-2.454(4) in 
[Na{N(Me)(2—Py)}(TMEDA)]2 44 They are comparable to that of 2.455(4) A in 
[Na(L')(TMEDA)]2.^^ 
The Na-Npyridyi bond distances of 2.375(9)-2.593(8) A are comparable to 
those of 2.468(6) A in [Na(L^)(TMEDA)]2,^' and 2.461(1)-2.535(1)人 in 
[Na(12C4)2][Na{N(SiMe3)(2-Py)}2(THF)}].(THF) (12C4 = 12-crown-4)'' They 
are slightly shorter than those of 2.677(4)-2.709(4)� 人 in 
[ N a { N ( M e ) ( 2 — P y ) K T M E D A ) ] 2 , 4 4 a n d 2 . 5 4 6 ( 2 ) - 2 . 7 8 5 ( 3 ) in 
[Na{NPh(2-Py)}(PMDETA)]2.47 
The Si-Namido bond distances [Si(l)-N(l) 1.689(8)人 and Si(2)-N(5) 1.684(7) 
人]in compound 10 are comparable to those of the corresponding Si—N distances of 
1.671(3)—1.723(3)人 in [Naz{{N(SiMe3)}2SiMe2}Is• ^ ^ The of Si-Namine bond 
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distances [Si(l)-N(3) 1.728(8)人 and Si(2)-N(7) 1.796(8)人]are similar to that of 































































Table 3-4. Selected Bond Distances (A) and Angles (deg) for Compound 10. 
[Na(L')(OEt2)]2 (10) 
Na(l)-N(l) 2.475(8) Na(l)-N(4) 2.579(9) 
Na(l)-N(5) 2.616(8) Na(l)-N(6) 2.408(9) 
Na(l)-0(1) 2.35(1) Na(2)-N(l) 2.571(8) 
Na(2) - N(2) 2.375(9) Na(2) - N(5) 2.459(8) 
Na(2)-N(8) 2.593(8) Na(2)-0(2) 2.36(1) 
Si(l)-N(l) 1.689(8) Si(l)-N(3) 1.728(8) 
Si(l)-N(7) 1.796(8) Si �- N ( 5 ) 1.684(7) 
N(l)-Na(l)-N(4) 86.7(3) N(l)-Na(l)-N(5) 105.2(3) 
N(l)-Na(2)-N(2) 54.9(3) N �- N a ( 2 ) - N ( 5 ) 107.0(3) 
N(2)-Na(2)-N(8) 96.7(3) N(4)-Na(l)-N(6) 96.3(3) 
N(5)-Na(l)-N(6) 54.3(3) N(5) - Na(2) - N(8) 86.0(3) 
Na(l)-N(l)-Na(2) 74.2(2) Na(l)-N(5)-Na (2) 73.6(2) 
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2. Molecular Structure of Compound II.2C6H5CH3 
The molecular structure of compound 11.2C6H5CH3 with the atom numbering 
scheme is depicted in Figure 3-3. Selected bond lengths (A) and angles (deg) are 
listed in Table 3-5. Compound 11 belongs to a triclinic crystal system with the 
space group Pi. The structure is also composed of two toluene molecules as 
solvents of crystallization. 
Compound 11 is tetranuclear with each sodium atom bound to nitrogens, 
forming a [Na4N4] ladder-shaped core (Figure 3-4). The concept of ring-laddering 
is developed in the mid—1980's.48 These types of compounds have a tendency to 
association in order to maximize the number of electrostatic attractions. Both in 
open or cyclic conformations with a variable length have been reported in the 
litemture.34，48,49 
2.475(3) A�广 2 . 5 6 4 � A
/ / I I 2 . 3 9 4 �A 
J� 乂 2.493(4) 
2.810{4)A 
Figure 3 4 
Two different binding environments for the sodium atoms have been 
identified: Na(l) and Na(lA) (five-coordinate) are bound by three amido nitrogens 
and two pyridyl nitrogens, whereas Na(2) and Na(2A) (four-coordinate) are bound 
by two amido and two pyridyl nitrogens. The latter two sodium centers exhibit a 
distorted tetrahedral structure. 
The Na-Namido bond distances of compound 11 fall within the range 
2.475(3)-2.810(4)人，which are generally comparable to those of 2.304(3)—2.601(3) 
人 observed for the Na-Namido distances in the silyl bisamido complex 
84 
[Na2{{N(SiMe3)}2SiMe2}]3.i9 As a comparison with other pyridyl amido 
complexes, the Na-Namido distances in 11 are longer than those of 2.446(4)—2.454(4) 
A in [Na{N(Me)(2-Py)}(TMEDA)]2,44 2.455(4)人 in [Na(L^)(TMEDA)]2,'' and 
2399(1)-2.410(1) A in [Na(12C4)2][Na{N(SiMe3)(2-Py)}2(THF)}].(THF).46 They 
are also longer than the observed Na-Namido distances of 2.342(4)—2.498(4) A in the 
[NNa]3 ladder unit of [{Na(NHBu)}3(NH2Bu)]oo.34 
The observed Na-Npyndyi distances of 2.380(4)—2.526(4) A in 11 are 
comparable to those of 2.468(6) A in [Na(L')(TMEDA)]2,^^ and 2.461(1)—2.535(1) A 
in [Na(12C4)2][Na{N(SiMe3)(2—Py)}2(THF)].(THF).46 However, they are slightly 
shorter than those of 2.677(4)-2.709(4)人 in [Na{N(Me)(2-Py)}(TMEDA)]2，and 
2.546(2)人 in [Na{NPh(2-Py)}(PMDETA)]2.^^ 
The Si-Namido bond distances [Si(l)-N(l) 1.690(4) A and Si(2)-N(7) 1.678(3) 
人]in 11 are marginally shorter than those of Si-N of 1.671(3)~1.723(3) A in 
[Na2{{N(SiMe3)}2SiMe2}]3.i9 The of Si-Namme bond distances [Si(l)-N(3) 1.768(4) 
人 and Si(2)-N(5) 1.763(4)人]are slightly longer than that of 1.733(1) A of its 

















































Table 3-5. Selected Bond Distances (A) and Angles (deg) for Compound 11 
^CeHsCHa.  
[Na(L')]4 (11) •2C6H5CH3 
Na(l)-N(l) 2.493(4) Na(l)-N(2) 2.526(4) 
Na(l)-N(7) 2.475(3) Na(l)-N(7A) 2.810(4) 
Na(l)-N(8A) 2.380(4) Na(2)-N(l) 2.394(4) 
Na(2)-N(4) 2.519(4) Na(2)-N(6) 2.438(4) 
Na(2)-N(7) 2.564(4) Si(l)-N(l) 1.690(4) 
Si(l)-N(3) 1.768(4) Si(2)-N(5) 1.763(4) 
Si(2)-N(7) 1.678(3) 
N(l)-Na(l)-N(2) 54.2(1) N(l)-Na(l)-N(7) 99.8(1) 
N(l)-Na(l)-N(7A) 131.7(1) N �- N a ( 2 ) - N � 87.5(1) 
N(l)-Na(2)-N(7) 100.0(1) N(4) — Na(2) - N(6) 101.5(2) 
N(6)-Na(2)-N(7) 91.0(1) N(7)-Na(l)-N(7A) 105.9(1) 
N ( 7 A ) - N a ( l ) - N ( 8 A ) 5 2 . 6 ( 1 ) C(l)-N(l)-Na(l) 9 4 . 2 ( 3 ) 
C ( l ) - N ( l ) - S i ( l ) 126.5(3) C(6)-N(3)-Si(l) 129.0(3) 
Na(l)-N(l)-Na(2) 77.9(1) Na(2)-N(l) - Si(l) 112.0⑴�
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3. Molecular Structure of Compound 12 
The molecular structure of compound 12 with the atom numbering scheme is 
depicted in Figure 3-5. Selected bond lengths (A) and angles (deg) are listed in 
Table 3—6. Compound 12 crystallizes in a monoclinic crystal system with the space 
group Plilc. The heterobimetallic compound consists of one lithium ion, one 
sodium ion, two \} ligands and one TMEDA molecule. The two amido ligands \} 
bind to the Li center in a K^  bonding model, resulting in a distorted tetrahedral 
environment around the metal center. The sodium center, on the other hand, 
exhibits a distorted octahedral geometry, being bound by two A^,iV'-chelating 
2-pyridyl amido pendants of each l } ligand and a chelating TMEDA ligand. The 
amido nitrogens N(3) and N(5) bridge the two metal centers. The observed 
Li-Namido bond distances of 2.027(4) and 2.105(4)人 in 12 are comparable to those of 
2.003(6)-2.129(6) A in [Li2{(NBu,)2SiMe2}]2,22 and 1.93(1)—2.27(1) A in 
'Li2{(NAr'^02SiMe2}]2.^ With comparison to the Li-Namido bond distances of other 
2-pyridyl amido complexes, the Li-Namido distances in 12 are slightly shorter than 
those of 2.079(4) and 2.187(4) A in [Li{N(SiMe3)(2-Py)} {NH(SiMe3)(2-Py)}]2,'' 
but similar to that of 2.02 人 in [Li{N(SiMe3)(2—Py-6-Me)} (TMEDA)]However， 
they are longer than that of 1.989(3) A in compound 2. The Li-Namdio bond 
distances in compound 12 are comparable to that of 2.024(6) A in 
[LiNa{N(SiCH3)2}2(THF)3].35 
The observed Na-Namido bond distances of 2.504(2) and 2.750(2) A in 12 are 
comparable to those of 2.394(4)-2.810(4)人 in 11. They are comparable to that of 
2.509(4) A in [LiNa{N(SiCH3)2}2(THF)3],35 and are longer than those of 
2.304(3)-2.601(3)人 in the silyl bisamido complex [Na2{{N(SiMe3)}2SiMe2}]3.^^ 
As a comparison with the N a - N a m i d o distances of other 2-pyridyl amido complexes, 
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those in 12 are longer than the corresponding distances of 2.446(4) and 2.454(4)人 in 
[Na{N(Me)(2-Py)}(TMEDA)]2,'' 2.455(4) A in [Na(L^)(TMEDA)]2,'' and 
2.399(1)-2.410(1) A in [Na(12C4)2][Na{N(SiMe3)(2-Py)}2(THF)}KTHF).46 
However, they are similar to that of 2.552(2) A in [Na{NPh(2-Py)}(PMDETA)]2.^' 
The Li-Npyndyi bond distances of 2.134(5) and 2.144(4)人 are longer than 
those of 2.085(5) and 2.052(4)人 in [Li{N(SiMe3)(2-Py)} {NH(SiMe3)(2-Py)}]2,'' 
2.06 A in [Li{N(SiMe3)(2-Py-6-Me)}(TMEDA)],36 and 2.054(4) A in compound 2. 
The Na-Npyridyi bond distances of 2.421(2) and 2.445(2) A are shorter than 
those of 2.677(4) and 2.709(4)人 in [Na{N(Me)(2-Py)}(TMEDA)]2.468(6)人 in 
[Na(Li)(TMEDA)]2,45 2.461(1) and 2.535(1) A in [Na(12C4)2][Na{N(SiMe3)(2-
Py)}2(THF)}].(THF),46 and 2.546(2)人 in [Na{NPh(2-Py)}(PMDETA)]2'' 
The Si-Namido bond distances [Si(l)-N(3) 1.698(2)人 and Si(2)-N(5) 1.682(2) 
人]and the Si-Nannne bond distances [ S i ( l ) - N � 1.761(2) A and Si(2)-N(7) 1.771(2) 
人]in 12 are close to the istance of 1.73 人 observed in most of the silyl amido 















































Table 3—6. Selected Bond Distances (A) and Angles (deg) for Compound 12. 
[LiNa(L')2(TMEDA)] (12) 
Li(l)-N(2) 2.134(5) Li(l)-N(3) 2.027(4) 
Li(l)-N(5) 2.105(4) Li(l)-N(8) 2.144(4) 
Na(l)-N(3) 2.750(2) Na(l)-N(4) 2.421(2) 
Na(l)-N(5) 2.504(2) Na(l)-N(6) 2.445(2) 
Na(l) - N(9) 2.572(3) Na(l)-N(10) 2 . 5 0 3 ( 3 ) 
Si(l)-N(l) 1.761(2) Si �- N ( 3 ) 1.698(2) 
Si(2)-N(5) 1.682(2) Si � -N ( 7 ) 1.771 � 
N(3)-Li(l)-N(5) 124.5(2) N(3)-Na(l)-N(5) 88.14(7) 
N(3)-Na(l)-N(4) 52.70(7) N(5)-Na(l)-N(6) 55.69(7) 
N(6)-Na(l)-N(9) 95.60(9) N(9)-Na(l)-N(IO) 72.97(9) 
N(4)-Na(l)-N(10) 95.67(9) C(l)-N(l) - Si(l) 128.9(1) 
C(13) - N(5) - Na(l) 92.5 � C(13) - N(5) — Si(2) 129.8 � 
C(18)-N(7)-Si(2) 126.5(1) C(6)-N(3)-Na(l) 85.6(1) 
C(6) -N(3) - Si(l) 125.2(1) Li(l)-N(3)-Na(l) 71.4(1) 
Li(l)-N(3) - Si(l) 109.9(1) Li(l)-N(5)-Na(l) 75.8(1) 
Li(l)-N(5)-Si(2) 106.8(1) 
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4. Molecular Structure of Compound 13 
The molecular structure of compound 13 with the atom numbering scheme 
and the unit cell diagram are depicted in Figures 3-6a and 3-6b, respectively. 
Selected bond lengths (A) and angles (deg) are listed in Table 3-7. 
Compound 13 crystallizes in a monoclinic crystal system with the space 
group Pl\lc. Compound 13 consists of a polymeric structure in the solid state. 
Each potassium atom is bound by four amido and two pyridyl nitrogens of adjacent 
{NH(2—C5H4N)} ligands. The K-Namido bond distances of 2.802(2)-3.356(2)人 in 
13 are comparable to those of 2.770(3) and 2.803(3) A in [KN(SiMe3)]2,5i 2.706(2) 
and 2.837(2) A in [K(NPr'2)(TMEDA)]2，52 2.805 A in [K{NPh(2-Py)}(TMEDA)]2,'^ 
2.875(4) and 3.034(4) in [K(L^)(TMEDA)]2,^^ 2.858(2) and 2.912(2)人 in 
[K{N(SiMe3)(2-Py)}(12C4)]2.2C7H8,46 and 2.827(2)—2.834(2) A in 
[K{N(SiMe3)(2—Py)}(TMEDA)]2.50 
The K-Npyndyi bond distances of 2.794(2)-2.828(2)人 in 13 are slightly 
shorter than those of 2.841(2) and 2.877(3) A in [K{NPh(2-Py)}(TMEDA)]2,^^ 
2.906(4) and 2.955(4)人 in [K(L')(TMEDA)]2,^^ 2.853(2) and 2.858(2) A in 
[K{N(SiMe3)(2-Py)}(12C4)]2.2C7H8，46 and 2.902(2)-2.927(3) 人 in 
[K{N(SiMe3)(2-Py)}(TMEDA)]2.50 
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Figure 3—6a. Molecular Structure of [K(NHPy)]oo (13). 
\ J 
Figure 3-6b. Unit Cell Diagram of [K(NHPy)]oo (13). 
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Table 3-7. Selected Bond Distances (A) and Angles (deg) for Compound 13. 
剛 m>y)U13) 
K(l)-N(l) 2.945(2) K(1)-N(1A) 2.802(2) 
K(l)-N(2) 2.828(1) K(l)-N(3) 3.191(2) 
K(1)-N(3B) 3.354(2) K(l)-N(4) 2.799(1) 
K(2)-N(l) 3.356(2) K(2)-N(1D) 3.191(2) 
K(2) - N(2D) 2.794(1) K(2) - N(3) 2.942(2) 
K(2) - N ( 3 C ) 2.806(2) K(2) - N(4) 2.825(1) 
N(1)-K(2)-N(2D) 151.19(5) N(l) - K(2)-N(3E) 73.06(6) 
N(l)-K(2)-N(4) 83.81(5) N(1A) - K(l)-N(2) 131.73(5) 
N(1A)-K(1)-N(3) 88.76(6) N(1A) - K � -N ( 3 B ) 73.13(5) 
N(1A) - K(l) -N(4) 133.04(6) N(1D) - K(2)-N(2D) 44.51(5) 
N(1D) — K(2) - N(3E) 88.68(6) N(1D) - K(2) - N(4) 121.73(5) 
N(2)-K(l)-N(3) 121.82(6) N(2) - K(l)-N(3B) 83.56(5) 
N(2)-K(l)-N(4) 83.87(5) N(2D) - K(2) - N(3E) 133.05(6) 
N(2D)-K(2)-N(4) 83.70(5) N(3) — K(l)-N(3B) 154.57(7) 
N(3)-K(1)-N(4) 44.42(5) N(3B) — K(l)-N(4) 151.15(5) 
N ( 3 E )�一 K ( 2 ) - N(4) 131.83(5) K ( 1 A ) — N ( l ) - K ( 2 ) 102 .32 (6 ) 
K(1 A) - N(l) - K(2B) 86.62(5) K(2) - N(l) — K(2B) 154.40(7) 
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3.5 SYNTHESIS AND STRUCTURE OF THE IRON(II) 
DERIVATIVE [FECL(L^ )]2 
3.5.1 AN OVERVIEW ON IRON(II) AMIDES 
Studies towards late transition metal amide remain scarce. These may be 
attributed to an unfavorable combination of the "hard" anionic amido ligand and the 
“soft” low-valent late transition metal center. Alternatively, a TC—conflict between 
the filled d orbitals of the late transition metal center and the lone pair electron 
density on the p orbital of the nitrogen atom renders a d—p�兀—bonding interaction 
difficult to occur and, thus, weakens the M-N bond. 
By employing the bis(trimethylsilyl)amido ligand [N(SiMe3)2]-, Lappert and 
co-workers have successfully prepared the Fe(II) amide, Fe[N(SiMe3)2]2.53 The 
X-ray structure of the compound, [Fe{N(SiMe3)2}2]2, was reported by Power et al. 
three years later.54 The compound is dimeric in the solid state with 
three-coordinate Fe(II) centers. 
R2 
八�RoN-Fe Fe-NRo 2 \ / 2 
N 
R2 
R = SiMea 
Power et a/,^ 
The monomeric Lewis base adduct [Fe{N(SiMe3)2}2(THF)]54 and the anionic 
analogue [Fe{N(SiMe3)2}have been reported by Power et al. and Dehnicke et al., 
respectively (Chart 3-9). 
� " � SiMe3 1 _ 
MegSi-N MeaSi-N S^iMeg 
>e—THF ,Fe-N\ 
MesSi-N； MeaSi-N SiMe] 
SiMe3 SiMea 
Power et a/.^ ^ Dehnicke et al.^^ 
Chart 3-9 
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Recently, Simeling et al. have synthesized the Fe(II) derivative 






Siemeling et al.^^ 
By using the sterically more bulky [N(SiMePh2)2]~ ligand. Power et al. have 
successfully prepared monomeric Fe(II) amide [Fe {N(SiMePh2)2}2] The 
three-coordinate Fe(II) amide [Fe(NPh2)2]2 has also been prepared (Chart 3-10).^^ 
Ph2 
PhsMeSi^  SiMePh? 
N-Fe-N Ph2N-Fe Fe-NPh? 
Ph2MeSi' SiMePh2 
Ph2 
Power et a/.54’57 
Chart 3-10 
Recently, a number of Fe(II) amides derived from the sterically demanding 
2-pyridyl amido ligands [N(SiMe3)(2-Py)]~ and [NR(2-Py-6-Me)]" (R�二 SiMes or 
SiBu^Mei) have been successfully synthesized in our laboratory.^ '^^ ^ These 
complexes include the mononuclear [Fe(L )^2] (L^ = N(SiBu'Me2)(2-Py-6-Me)),^^ 
[Fe(Li)2(TMEDA)],50 [Fe{N(SiMe3)(2-Py-6-Me)}2(TMEDA)}[Fe{N(SiMe3)— 
(2-Py)}2(TMEDA)}],50 and binuclear [{Fe(L^)}2(TMEDA)] (Chart 3-11).^^ 
__/ SiBu'Me2 
A . 奴P 
M e 2 B u ( S i 、 义 \ Z t ^^ N^ 1 
N N \ Fe—TMEDA MezBu'Si� 广 \ 
R = SiMea, R' = H or Me; ^ i ^ N / / 




3.5,2 AIMS OF OUR STUDIES 
Complexes derived from chelating amido ligands have attracted much 
attention. The early transition metal derivatives have been shown to be efficient 
olefin polymerization catalysts. On the other hand, studies towards the late 
transition metal counterpart remained scarce. This may be ascribed to the relatively 
reactive M-N bonds {vide supra). One objective of our studies has been focused on 
the chemistry of late transition metal amides derived from the chelating amido ligand 
lA 
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3.5.3 SYNTHESIS AND STRUCTURE OF [FeCl(L^)]2 (14) 
i. Synthesis and Characterization 
The sodium amide 11 was reacted with four molar equivalents of FeCl� in 
THF to give the Fe(II) amido compound 14 as yellow crystals in 30% yield (Scheme 
3-8). The compound is not very soluble in common organic solvents, but well 
soluble in THF. 
Mez^N [1 Me2 
GTt I f -
11 14 30% 
Scheme 3-8 
Compound 14 has been characterized by melting point and magnetic moment 
measurements, elemental analysis, and single-crystal X-ray diffraction studies. 
The magnetic moment of 14.2THF was found to be 1.98 jub per Fe(II). It was 
determined by the Evans method^^ in THF solution at 298 K. It is believed that 
each Fe(II) center of the compound has a high-spin cfi electronic configuration with 
four unpaired electrons. The value of 1.98 jub per Fe(II) deviates from the theoretic 
spin-only value of 4.47 jub- We surmise that an anti-ferromagnetic coupling 
between the two Fe(II) centers may be present in 14. 
Results of elemental analysis were not consistent with its empirical formula. 
It may attribute to the extremely high sensitivity of the compound towards oxygen 
and moisture. Moreover, owing to the low solubility of the compound in common 
organic solvents, recrystallization of the compound was difficult and not entirely 
reproducible. Therefore, pure sample of compound 14 could not be obtained. 
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ii. Molecular Structure 
The molecular structure of compound 14.2THF with the atom numbering 
scheme is depicted in Figure 3-7. Selected bond distances (A) and angles (deg) are 
listed in Table 3-8. Compound 14 crystallizes in a triclinic crystal system with the 
space group P\. The two iron centers of 14 are bridged by two //,A^-bridging 
ligands L ,^ forming an eight-member metallacycle ring. 
The coordination sphere of each Fe(II) center consists of one amido nitrogen, 
two pyridyl nitrogens and one chloride atom, forming a distorted tetrahedral 
coordination geometry around the metal center. 
The observed Fe-Namido bond distance of 2.055(2) A in 14 is comparable to 
those of 2.010(3) in and 2.025(5)-2.051(5) A in the binuclear 
[{Fe(Li)}2(TMEDA)].58 It is slightly longer than those of 1.925(3)人 in the dimeric 
[Fe{N(SiMe3)2}2]2,54 and 1.916(2)-L918(2) A in [Fe{N(SiMePh2)2}2].57 However, 
it is slightly shorter than those of 2.107(2) and 2.137(2) A in 
[Fe{N(SiMe3)(2—Py)}2(TMEDA)}],50� 肌^ 2.097(2) A in the mononuclear 
[Fe(Li)2(TMEDA)].5� 
The Fe-Npyridyi bond distances of 2.101(2) and 2.228(2) A in 14 are 
comparable to that of 2.124(3)人 in but are shorter than those of 2.344(2) 
人 in the mononuclear [Fe(Li)2(TMEDA)],5�2.274(6) and 2.359(5) A in the binuclear 
[{Fe(Li)}2(TMEDA)],58 and 2.259(2)-2.282(2) A in 
[Fe {N(SiMe3)(2-Py)} 2(TMED A) 
The Fe-CI bond distance of 2.278(7)人 is similar than those of 2.277(8)人 in 
the amidinate complex [FeCl{PhC(NSiMe3)(NAr^'0}(TMEDA)],^^ and 2.284(6) A 
in silyl complex [NEt4] [FeCl {Si(SiMe3)3} 2] However, it is slightly shorter than 
the Fe-Cl bond distance of 2.318(2) A in [Fe{N(SiMe3)2}2{ClLi(THF)3}],56 where 


















































Table 3-8. Selected Bond Distances (A) and Angles (deg) for Compound 14-2THF. 
[FeCl(L^)]2 (14) '2TU¥ 
Fe(l)-Cl(l) 2.2777(7) Fe(l)-N(l) 2.055(1) 
Fe(l)-N(2A) 2.101(1) Fe(l)-N(4) 2.228(1) 
C(l)-N(2) 1.343(3) C(6)-N(4) 1.348(3) 
Si(l)-N(l) 1.726(1) Si(l)-N(3) 1.757(2) 
N � -F e ( l ) — Cl(l) 128.14(5) N � -F e ( l ) — N(2A) 111.13(8) 
N(l) - Fe(l) — N(4) 9 5 . 3 0 ( 7 ) N(2A) - Fe(l) - Cl(l) 116.31(6) 
N(2A) - Fe(l) — N(4) 99.52(7) N(4) — Fe(l) — Cl(l) 96.42(6) 
C(l)-N(l)-Fe(l) 115.4(1) C(l)-N(l) - Si(l) 120.6(1) 
(：：(10)-：^叫-1^6(1) 110.6(1) C(6)-N(4)-C(10) 117.4(2) 
C(6) - N(4) - Fe(l) 129.9(1) Si(l) - N(l) - Fe(l) 111.27(9) 
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3.6 EXPERIMENTALS FOR CHAPTER 3 
Materials 
Anhydrous FeClz was purchased from Aldrich and was dried at 120 under 
vacuum for 12 hours before used. 2-Aminopyridine and dichlorodimethylsilane 
were purchased from Acros and used as received. 
A^,A^,A '^,A"-Tetramethylethylenediamine was purchased from Acros and was distilled 
over sodium under nitrogen. NaBu" and KBu" were prepared according to the 
literature procedures.^ ^ 
Synthesis of Compounds 
Synthesis of [Me2Si{NH(2-C5H4N)}2�(8). 
To a solution of 2-aminopyridine (0.75 g, 8.0 mmol) in 10 mL diethyl ether at 
0 °C was slowly added a solution of LiBu" in hexanes (5.5 mL, 1.6 M, 8.8 mmol). 
The reaction mixture was stirred at room temperature for 4 h. The resulting yellow 
solution was added dropwise to a solution of dichlorodimethylsilane (0.49 mL, 4.0 
mmol) in 110 mL of diethyl ether at 0 °C. The reaction mixture was stirred for a 
further period of 12 h at room temperature. The solution was filtered and 
concentrated to approximately 15 mL to give the title compound as colorless 
needle-shaped crystals. Yield: 0.68 g (70%). Mp: 128-131�C. MS (EI, 70 eV): 
m/z (%) 244 (86) [M]+, 229 (99) [M—Me]+，151 (100) [M-NPy]+, 121 (40) [SiNPy]+, 
94 (24) [NPy].，78 (8) [Py]+, 59 (5) [SiMe2]+. H^ NMR (300 MHz, CeDs): 5 8.14 
(ddd, J�二 0.83, 1.8 and 4.8 Hz, 2H, Py), 6.99 ( d d d ， 1 . 8 , 7.2 and 8.3 Hz, 2H, Py), 
6.32 (ddd, J�二 0.83, 4.8 and 7.2 Hz, 2H, Py), 6.06 (dt, J�二 0.83 and 8.3 Hz, 2H, Py), 
4.38 (s, br, 2H, NH), 0.63 (s, 6H, Me). NMR (75 MHz, CeDe)： 5 160.1, 
148.5, 137.3, 113.6, 110.5 (Py), -0.09 (Me). Anal. Found: C, 59.05; H, 6.50; N, 
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23.02%. Calc. for Ci2Hi6N4Si: C, 58.98; H, 6.60; N, 22.93%. 
Compound 9 was isolated as colorless block-shaped crystals. Yield: 0.18 g 
(15%). Mp: 2 0 5 - 2 1 0 � C . MS (EI, 70eV): m/z (%) 300 (71) [M]+, 285 (85) 
[M-Me]+，244 (84) [M-SiMe]+, 229 (99) [M-SiMe2]+, 151 (100) [M-SiMeNPy]+, 
135 (74) [SiMeNPy]+, 121 (73) [SiNPy]+，94 (82) [NPy]^ 78 (14) [Py]+, 59 (10) 
[SiMe2]+. I h N M R (300 MHz, CeDg): 5 8.19 (ddd，J= 1.1, 2.1 and 5.0 Hz, 2H, Py), 
7.06 (ddd, •/= 2,1, 7.2 and 8.7 Hz, 2H, Py), 6.39 (ddd, 1.1, 5.0 and 7.2 Hz, 2H, 
Py), 6.20 (dt, 1.1 and 8.7 Hz, 2H, Py), 0.66 (s, 12H, Me). NMR (75 
MHz, C6D6): 5 159.3, 149.3，137.6, 114.1, 111.0 (Py), 0.97 (Me). 
Synthesis of [Na(L^)(OEt2)]2 (10). 
To a stirring suspension ofNaBu" (0.31 g, 3.9 mmol) in diethyl ether (20 mL) 
at -30 was slowly added a solution of 8 (0.71 g, 3.0 mmol) in diethyl ether (30 
mL). The resulting solution was stirred at room temperature for 4 h. It was 
filtered, concentrated to approximately 10 mL. Upon standing at room temperature 
for 1 day, colorless block-shaped crystals were obtained. Yield: 0.61 g (60%). 
Mp: 1 0 9 � C (darkened), 201-205�C (dec.). H^ NMR (300 MHz, CeDe)： 5 7.81 (d, 
hr,J= 3.9 Hz, 4H, Py), 6.99 (t, br, 1.8 and 7.7 Hz, 4H, Py), 6.24 (d, br, J= 6.9 
Hz, 4H, Py), 6.18 (t, br，J二 6 Hz, 4H, Py), 4.04 (s, br, 2H, NH), 3.26 {q,J= 5.2 Hz, 
14H, CH2), 1.12 (t,J=lA Hz, 21H, CH3), 0.40 (s, 12H, SiMei). NMR 
(75 MHz, C6D6): 5 148.7, 148.4, 137.7, 137.3, 136.8, 129.0, 113.3, 112.1, 111.1, 
107.8 (Py), 65.9 (CH2), 15.6 (CH3), 0.42 (SiMe�). Anal. Found: C, 55.35; H, 7.05; 
N，16.77%. Calc. for CszHsoNsNa^ CbSi〗：C, 56.44; H, 7.40; N, 16.46%. 
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Synthesis of [Na(L^)]4 (11) ^CvHg. 
A solution of 8 (0.83 g, 3.4 mmol) in diethyl ether (30 mL) was slowly added 
to a stirring suspension of NaBu" (0.35 g, 4.4 mmol) in diethyl ether (20 mL) at -30 
The resulting solution was stirred at room temperature for 4 h. It was then 
filtered, and its volume was reduced to approximately 15 mL under reduced pressure 
to give compound 11 as colorless crystals. Yield: 0.70 g (66%). Mp: 93 °C 
(darkened), 1 7 7 - 1 8 0 � C (dec.). H^ NMR (300 MHz, CeDe)： 5 7.81 (d, b r ， 3 . 3 
Hz, 8H, Py), 7.02 (m, br, 8H, Py), 6.23 (d, br,J= 8.4 Hz, 8H, Py), 6.13 (t, br, J = 6 
Hz, 16H, Py), 4.00 (s, br, 4H, NH), 2.11 (s, 6H, PhCi/3), 0.44 (s, 24H, SiMes). 
I3C{1H} NMR (75 MHz, C^De)： 5 148.7, 148.4, 137.3, 136.8, 129.3, 129.1, 128.6, 
113.3, 112.1, 111.0 (Py), 137.9, 128.4, 125.7, 21.4 (PI1CH3), 0.40 (SiMe�). Anal. 
Found: C, 57.42; H, 6.16; N, 17.95%. Calc. for C62H76Ni6Na4Si4： C, 59.59; H, 6.13; 
N, 17.93%. 
Synthesis of [LiNa(L^)2(TMEDA)] (12). 
A solution of 8 (1.19 g, 4.9 mmol) and TMEDA (0.37 mL, 2.5 mmol) in 
diethyl ether (40 mL) was added dropwise to a stirring suspension of LiBu" (1.8 mL, 
2.9 mmol) and NaBu" (0.26 g, 3.2 mmol) in diethyl ether (30 mL) at -30 After 
stirring at room temperature for 12 hour, the solution was filtered. Colorless 
crystals of the title compound were obtained from toluene. Yield: 0.28 g (36%). 
Mp: 116—119�C. 1h NMR (300 MHz, CsDe): 5 7.82 (s, br, 4H, Py), 6.99 (s, br, 4H, 
Py), 6.15 (s, br, 8H, Py), 4.05 (s, br, 2H, NH), 2.10 (s, 4H, CH2), 2.06 (s，12H, NMe2), 
0.46 (s, 12H, SiMe2). NMR (75 MHz，CgDe)： 5 148.4, 137.1, 129.0, 112.0 
(Py), 57.7 (NCH2), 45.6 (NMe), 0.60 (SiMe2). Anal. Found: C, 55.84; H, 7.32; N, 
22.07%. Calc. for C3oH46LiNioNaSi2： C, 56.94; H, 7.33; N, 22.13%. 
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Synthesis of [K(NHPy)]^ (13) 
To a stirring suspension of KBu" (0.45 g, 4.6 mmol) in THF (20 mL) was 
slowly added a solution of 8 (0.86 g, 3.5 mmol) in the same solvent (30 mL) at -30 
The resulting mixture was stirred at room temperature for 4 hours. It was then 
filtered and concentrated. Colorless crystals were obtained upon standing the 
solution at room temperature for 1 day. Yield: 0.14 g (30%). Mp: 149 °C 
(darkened), 197-205�C (dec.). H^ NMR (300 MHz, CgDg): 6 8.15 (d, 3.9 Hz, 
IH，Py), 6.98 (t, 7.7 Hz, IH, Py), 6.31 (t, 5.9 Hz, IH，Py), 5.87 (d, J= 8.4 Hz, 
IH, Py), 3.57 (s, br, IH, NH). NMR (75 MHz, CgDs): 5 148.9, 137.1, 
129.1, 113.7, 108.0 (Py). 
Synthesis of [FeCl(L^)]2 (14) -ITHF. 
A solution of 10 (0.62 g，0.5 mmol) in THF (30 mL) was added to a stirring 
suspension of FeCls (0.25 g，2 mmol) in THF (20 mL) at 0 After stirring at 
room temperature for 12 h, the reaction mixture was filtered. The resulting clear 
dark brown solution was concentrated under reduced pressure to afford the title 
compound as yellow crystals. Yield: 0.24g (30%). Mp: 126 °C (darkened), 
3 1 3 - 3 1 7 � C (dec.), /^EFF.�二 1.98 "B per F e � A n a l . Found: C, 45.68; H, 5.48; N, 
14.19%. Calc. for C32H46Cl2Fe2N802Si2： C, 47.24; H, 5.70; N, 13.77%. 
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Appendix 1 
General Procedures and Physical Measurements 
All manipulations were carried out using modified Schlenk techniques or in a 
Braun MB 150-M drybox under an atmosphere of high-purity nitrogen. Solvents 
were dried over and freshly distilled under dinitrogen from Na/K alloy (hexanes), 
sodium benzophenone (diethyl ether, THF, and toluene) or calcium hydride 
(dichloromethane), and degassed by a freeze—thaw cycle prior to use. 
H^ and ^^ C NMR spectra were recorded on Bruker DPX 300 spectrometer at 
300.13 MHz and 75.47 MHz, respectively. All spectra were recorded in CDCI3 or 
C6D6 and the chemical shifts 5 were referenced to residual solvent protons at 7.26 
and 7.16 ppm (in H^ NMR), and 77.16 and 128.06 ppm (in NMR), 
respectively. 
Melting points were recorded on an Electrothermal melting point apparatus 
and were uncorrected. Mass spectra were obtained on ThermoFinnigan MAT 95 
XL Mass Spectrometer (E.L 70 eV). Elemental analyses (C, H, N) were performed 
by the Shanghai Institute of Organic Chemistry, The Chinese Academy of Sciences 
or MED AC Ltd., Brunei University, UK. 
X-Ray Crystallography 
Single-crystals of compounds 3—8 and 10-14 suitable for crystallographic 
studies were mounted in glass capillaries and sealed under dinitrogen. Data were 
collected on a Rigaku RAXIS-IIC or Brucker SMART CCD diffractometer at 294 K 
using graphite—monochromatized Mo—Ka radiation (k = 0.71073). The structures 
were solved by direct phase determination using the computer program SHELX-97 
110 
and refined by full-matrix least squares with anisotropic thermal parameters for the 
non-hydrogen atoms.* Hydrogen atoms were introduced in their idealized positions 
and included in structure factor calculations with assigned isotropic temperature 
factors. 
* G. M. Sheldrick, SHELX-97, Package for Crystal Structure Solution and Refinement, University of 
Gottingen, Germany, 1997. 
I l l 
Appendix 2 
Table A—1. Selected crystallographic data for compounds 3-5. 
Table A-2. Selected crystallographic data for compounds 6-7. 
Table A-3. Selected crystallographic data for compounds 8 , 1 0 - 1 1 . 
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